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PpvTuonMvnNB AND PROrFCS FOR THFIR PRFPARATiON 



BagJsgiOJiDd 0 * ThP Invention 



The p.eaen. invaded* r<Ha,es ,o neve, pe*e„des and medrcds and means lor prepann, 
mem and spec«ca»y » ne-e! e-vtmomvcins .ha. are use, u , as anebaclenai and an.iprd.ozea. 
ageme a* Cher appKca.«ma (e.g.. andcancer. mm*-*. g ae« me«v redoes. «tt.,in 

Pendens pending rne n. demands and «d me<neds p. .readr, Pactedai and p^zea. 
,„,ec.,ens h mamma*, .an. and brrds by adminisrenng me novel compounds ,0 mamma*, fish and 

birds requiring such treatment. 

Polyketide biosynthet.c genes or portions of them, which may be denved from deferent 
polyketide biosynthetic gene dusters are man.pu.ated to al.ow the production of novel 
erythromycins. 

Potyketides are a .arge and structurally diverse class ol natural products that includes many 
compounds possessing antibiotic or other pharmacological properties, such as erythromycin, 
tetracaines, rapamyci, avermectin. polyether ionophores. and FK506. .n part,cu,ar. polykeudes 
are abundant.y produced by Streptomyces and related actinomycete bacteria. They are 
synthesised by the repeated stepwise condensate of acylthioesters in a manner analogous to 
that of fatty acid biosynthesis. The greater structura. diversity found among natural pofyketides 
arises from the Section l^wm****^*^*'*^^**" 
the differing degree of processing of the f>keto group observed after each condensation 
Examples of prccessing'steps indude reduction to ^hydroxyacy.-. reduction followed by 
dehydration to 2-enoyh and complete reduction to the saturated acytthioester. The 
stereochemical outcome of these processing steps is also specified for each cycle of chain 
extension. The biosynthesis of po.yket,des is initiated by a group of chain-forming enzymes 
Known as po,yketide synthases Two classes o, polyketide synthase (PKS) have been described 
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in acbnomycerea. However. ft. novel pofrkebdes and processes which are ,„e eubjec. o, «. 
,nven,,on „e leased by Type , pk S s . repressed 6, me PKSs .or m, ma« M ea 
^™*n.a«,mec.man»n W ^^ 

enzymes », each eye., o, pelade Cain exrenson (Flgur, 2 A, (Codas. J. ., * Nalure (I990 , 
» MS: - ro-76; Donadio. s. e. a,. Science „99„ 252675*7* Ma^,. 0 . « al (3en „ ^ 
"5:, , 9 ., 25 . Schwecke. T e,al. Proc. Na„. Acad. U USA (1995) 92r7e39 . 7e43) ^ 

.er m -na W a 1 n W d U ,e-, SUSMte «„ re( e,s,o, 1 ,e s ,,o<con« g uo U sdon,a i ,, lrom a fr 

• ^"-^^s.aoddc.a^^^^.^^^^^ 
— * .o a second pom, ,„ . ^ ^ ^ ^ ^ ^ ^ ^ ^ 

genera,, be in core domaina wh,ch are presen, in al, mMutes . ^ ^ 

respective KS. AT (acyl transferase). ACP domains, or in linker regions between domains. 

F sure 2 showe me onzaniaanon ol ttte erythromycin p,oduc,n„ PKS. (also known aa 6- 
depxyerythrono,* B eynthase. 0 EBS, oeoes. Three open read,^ bames a™, me DEBS 
Po.ypep.des. Tb. 9 epeaa,eor 9 an,aed,narv re pea,edur«3des W ,edmod«a. Thehrstooen 
reaoin, trame encodes the M mubhenzyme or caasebe (DEBS1) wlbcb ccnetsta o. three ' 
module*: ,be .oadin, mod* (^ioad, and twoeaension modules <modu.es t and 2) . The 

""ton*********;^ ThiashowsORFttoconeieto.only.w, 
modu,ae.m.« r9o(wtoisi „, aoMmme ^ moauiemaffieftaa(iei)stoiiTO)ute 

^me,« M o nrt me D NA,ncodin 9 p»,o, m ek^edu«aa.dom a „o.modu„5 i n 
OEBS has been shown „ tead .o ,he .ormabon o. erybtnomycm enables s^ideoxyt,. 
-ycaroa^.S.xoerv.mono.ide a 5.6*ideo,y. 5 ^hronoilde B ^ ^ , 
•epo^xoe^hroncMee^nadio. S. eta, Sconce. (,*,„ 252575*79,. Ukewise 
alteration o, acbv, ste reeiduas m me enoytteduoaae domain o. moduie 4 in 0EBS by 9 et«c 
en 9 ,neenn 9 „, ,he con«pondm 9 PKS^codmg DNA and ils mboducmn mto 
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Saccharopolyspora erythraea. led to the production of 6,7-anhydroerythromycin C (Donadio S. et 
al. Proc. Natl. Acad. Sci. USA (1993) 90:71 19-7123). 

International Patent Application number WO 93/13663. which is incorporated herein by 
reference in its entirety, describes additional types of genetic manipulation of the DEBS genes 

5 that are capable of producing altered polyketides. However, many such attempts are reported to 
have been unproductive (Hutchinson C R. and Fujii. I. Annu. Rev. Microbiol. (1995) 49:201-238. 
at p.231 ). The complete DNA sequence of the genes from Streptomyces hygroscopicus that 
• encode the modular Type 1 PKS governing the biosynthesis of the macrocyclic 

immunosuppressant polyketide rapamycin has been disclosed (Schwecke, T. et al. (1995) Proc. 

in Natl. Acad. Sci. USA 92:7839 7843) (Figure 3). The DNA sequence is deposited in the 
EMBUGenbank Database under the accession number X86780 

Although large numbers of therapeutically important polyketides have been identified, 
there remains a need to obtain novel polyketides that have enhanced properties or possess 
completely novel bioactivity. The complex polyketides produced by modular Type I PKS's are 

15 particularly valuable, in that they include compounds with known utility as anthelmintics, 
insecticides, immunosuppressants, antifungal, and/or antibacterial agents. Because of their 
structural complexity, such novel polyketides are not readily obtainable by total chemical synthesis, 
or by chemical modifications of known polyketides. One aspect of the invention arises from our 
appreciation that a Type I PKS gene assembly encodes a loading module which is followed by 

20 extension modules. It is particularly useful to provide a hybrid PKS gene assembly in which the 
loading module is heterologous to the extension modules and is such as to lead to a polyketide 
having an altered starter unit. This is a concept quite unknown to the prior art since this does not 
recognise the existence of loading modules W093/13663 refers to altering PKS genes by 
inactivating a single function (i.e. a single enzyme) or affecting 'an entire module" by deletion, 

25 insertion, or replacement thereof. The loading assembly, in their terms, is not a module. 

If the loading module is one which accepts many different carboxylic acid units, then the 
hybrid gene assembly can be used to produce many different polyketides For example, a hybrid 
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gene assembly may employ nucleic acid encoding an & , oa d,ng moduie wrth m extender 
modules A loadmg module may accept unnatura. acid units and derivatives thereof: the syr 
•ceding modu.e is particularly usefui in this regard (Dutton et a,.. (1991) J. Antibiot., 44:357-365, 
in addition, it is possible to determine the specificity of the natural loading module for unnatural 
s starter units and to take advantage of the relaxed specificity of the loading module to generate 
novel poiyketides. Thus, another aspect of this invention is the unexpected ability of the «* 
•ceding module to incorporate unnatura. carboxyl,c acds and derivatives thereof to produce novel 
erythromycins in erythromycin-producing strains containing only OEBS genes. Of course one may 
also make al.era.tons within a product polyketide part.cu.arly by replacmg en extension module by 
one that gives a ketide unit a, a different oxidation state and/or wrth a different stereochem.stry. it 
has generally been assumed that the stereochemistry of the methyl groups in the polyket.de chain 
is determined by the acyltransferase. but i, is. in fact, a feature of other domains of the PKS and 
thus open to variation on.y by replacement of those domarns. mdividualfy or by module 
replacement Methyl end other substtuents can be added or removed by acyltransferase domain 
replacement or total module rep.acement. Consequently, ,« alS o becomes apparent to those 
skilled in the art that it is possible to combine the use of the relaxed substrate specificity of the 
erythromycin loading mo du.e with extension module replacement and hybnd toading module 
substitution with extension modu.e replacement as a mechanism to produce a wide range of novel 
erythromycins Thus, this invention describes the production of nove. erythromycins by non- 
transformed organisms and also such gene assembles, vectors containing such gene assemblies, 
and transient organisms that can express them to produce nove. erythromycins in transformed 
organisms Transforms organisms may hart»ur recombinant p (asm( ds. ortheplasmidsmay 
integrate. A plasmid with an /nrsequence will integrate into a specrfic attachment site (a*) of a 
hosts chromosome. Transforman, organisms may be capable of mod.fy.ng the initial products, 
e g., by carryng out al. or some of the biosyn«het, C modifiers norma, in the product.cn of 
erythromyc 1 ns(asshownin Figure 2B,. However, use may be made of mutant organ.sms such that 
some of the norma, pathways are blocked, e g . to produce products w,thout one or more -natural" 
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hydroxy-groups or sugar groups, (or instance as described in WO 91/16334 or in Weber et at. 
(1985) J. Bacterid 164:425-433 which are incorporated herein by reference in their entirety. 
Alternatively, use may be made ol organisms in which some of the normal pathways are 
overexpressed to overcome potential rate-limiting steps in the production of the desired product 

5 for instance as described in WO 97/06266 which is incorporated herein by reference in its entirely. 
This aspect of the method is largely concerned with treating PKS gene modules as 
building blocks that can be used to construct enzyme systems, and thus novel erythromycin 
products, of desired types This generally involves the cutting out and the assembly of modules 
and multi-module groupings. Logical places for making and breaking intermodular connections are 

l q be in the linking regions between modules. However, it may be preferable to make cuts and joins 
actually within domains (i.e.. the enzyme-coding portions), close to the edges thereof The DNA is 
highly conserved here between all modular PKSs. and this may aid in the construction ol hybrids 
that can be transcribed. It may also assist in maintaining the spacing of the active sites of the 
encoded enzymes, which may be important. For example, in producing a hybrid gene by replacing 

15 the erv loading module by an asff loading module, the §ry module together with a small amount o< 
the following ketosynthase (KS) domain was removed. The start of the KS domain (well spaced 
from the active site) is highly conserved and therefore provides a suitable splicing site as an 
alternative to the linker region between the loading domain and the start of the KS domain. The 
excised ery module was then replaced by an ayr loading module 

20 In fact, when substituting a loading module, it may be desirable to replace not just the 

loading module domains (generally acyl transferase (AT) and acyl carrier protein (ACP)). but also 
the KS at the start of the following extension module. Typically, the excised loading module would 
have provided a propionate starter, and the replacement is intended to provide one or more 
different starters. Propionate, however, may feed into the KS of the extension module from a 

25 propionate pool in the host cell, leading lo dilution of the desired products. This can be largely 
prevented by substituting an extended loading module including all or most of the KS domain. 
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(The spiiae „e Be ,„ «. end region „, „ KS ge „ e M eany b me tm> ^ ^ ^ ^ 
linker region between them.) 

Whe„ -epfccin, --nodute". one is *» to -eatorar a.od** Fb, examp,e a 

WMM moaato- to Be excfa*. ahd*, reptoced a**, ^ may ei(len(1 ((om „. 
» »"»»*. *ma,„ „, „„ nato-a,-^ avxMee. e.g„ from the AT «, „„, moaute ,„ „ AT „ 
..ana^or^KStoKaTBeap^^^Be^^^^^^^^ 
« M» re»„ s . A mod* ^ aBo be a ^ tor 

more modules at a time. 

<n a further aspect, me invention provides novel erythromycins obtainable by means o, the 
10 prev.ous aspects. These include the following: 

0) An erythromycin analogue (being a macrolide compound with a 14-membered nng) ,n 
wh,ch 0,3 bears a s,de-cha,n other than ethyl, generally a straight cha,n C3-C6 alley, group. . 
branched C 3 <; 8 aky. group . a ^ cycloa)ky( Qr ^ ^ 

with one or more hydroxy. Chalky, or alKoxygroups or ha.ogen atoms,. ora 3-6 membered 
•5 ^eterocycie^^ 

for cydoalkyt, or R, is phenv, which may be optionally substituted with at .east one substituen, 
^W^^^ groups atoms fn , uoromethy| 

and cyano. or R, may be a group with a formula (a) as shown below: 



20 



x 



ca«da,.a tor ,be c- ,3 R „ , he ^ ^ ^ ^ ^ ^ 
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carboxylic acids RCOOH. Alternate substrates that can be effectively used are carboxylic acid 
salts, carboxylic acid esters, or amtdes Preferred esters are N-acetyi-cysteamine thioesters which 
can readily be utilised as substrates by the a* starter module as illustrated by Dutton et a., in EP 
0350187 which is incorporated here.n by reference in rts entirety. Preferred amides are N-acyt 
imidazoles. Other a.temative substrates that may be used are derivatives which are oxidative 
precursors for the carboxylic acids: thus, for exampte suitable substrates would be amino acids of 
the formu.aRCH(NH,^^ 

the formula RC*N* methanol derivat,ves of the formu.a RCHjOH. aldehydes of the formuta 
RCHO or substituted alkanoic acids of theformula R<CH*0OOH wherein n is 2. 4. or 6. Thus 
examples of preferred substrates -nctude isobutyrate (R=-Pr) and 2-methylbutyrate (R.1- 
methylpropyl). Other possibilities include n-butyrate. cydopropyl carboxylate. cyclobutyl 
carboxylate. cyclopentyl carboxy.ate cyclohexy. carboxylate. cycloheptanyt carboxylate. 
cyclohexeny. carooxylates. cycloheptenyl carboxylates. and ring-methylated variants of the cyclic 
carboxylates and the aforementioned derivatives thereof. 

The erythromycin analogue may correspond to the initial product of a PKS (6- 
deoxyerythronoiide) or the product after one or more of the normal bathetic steps. As shown 
in Figure 2b these comprise: 6-hydroxylat.cn: S-O-glycosylation; 5-0-glycosylation: 12- 
hydroxylation; and specific sugar methylation. 

Thus, the analogues may include those corresponding to 6-deoxyer/thronolide B. 

erythromycin A. and the various intermediates and alternatives (although not limited to those) 

shown in Figure 2b. 

(ii) Erythromycin analogues differing from the corresponding natural' compound (Figure 
2b) in the oxidation state of one or more of the ketide units (i.e. selection of alternatives from the 
group: -CO-. -CH(OH)-. =CH-. and -CH 2 -). 

The slereochem.stry of any -CH(OH)- is also independently selectable 

(iii) Erythromycin analogues diffenng from the corresponding natural" compound in the 
absence of a naturar methyl s.de-cha,n (Th,sisach.evab.ebyuseofavar.ant AT) Norma. 
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~^« UM ,^ rC20fC3Unteto ^ e ^ >ia(aiaiijmMi>iatafteMe 

provide ethyl substituents. 

W Erythromycin endues diftedng (rom „ . w ^ ^ 

stereocherhishy of nanaa,- mettlyl: ^ (lng ^ ^ ^ 

(v) B.taM anatogees ^ „. lealures - ^ ^ ^ ^ 

(vi) Derivatives ol any of the above whtch have undergone further processing by non-PKS 
.nayn-ea. e.g.. one or more o, hydros. e M «,a„on. gfycosyfafion. ana mM0mn 

Methods are descrtbed ,o, ,he produce o. ,he novet eryrhrontyctna „, „. preseo, 
mveraton. ,n ,be sf^pfea method, „ ^ „ nte (pfe(erattv ^ ^ ^ ^ ^ 

^•"^^^Ap^red^h^^^^^^ 

l * te ™^^o, m .ennb^.p lMu ^^ Msroan ^^^ e 
■3 ^rortrana,^^,^^^^^ ^ 

organs. ,ore«e n ,Pte.,ra t *„a,edo, u «r Kltow ,edbrehen.e»P,epa,a«ons. A g am «a 

-0 heroes Type , PKS (fh. w WS) hava ^ ^ ^ 

°<^'f=KS'ef,r,h.bio^e*sof e^myc.. rapamyctr, avermM „ 

» 0, ^^"»"«-*arhpbo,eHo,aandh ( an,yc m . l or»n«h, n eg« W andreod^r 

^^^^.anese, U ^ a ^,.,^ mwnPaWeuWyla>ouraMe 

exaerp.sorrhe^^eso.rhed^rP^arethose^^ea^.^ 
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specificity, for example, the loading module of the avermectin (avr)-producng PKS of 
Streptomyces avermitilis; or those loading modules possessing an unusual specificity, for 
example, the loading modules of the rapamydn-. FK506- and ascomycin-producing PKS s. all of 
which naturally accept a shikimate^erived starter unit. Unexpectedly, both the untransformed 
5 and genetically engineered erythromycin-producing organisms when cultured under suitable 
conditions have been found to produce non-natural erythromycins, and where appropriate, the 
products are found to undergo the same processing as the natural erythromycin. 

In a further aspect of the present invention, a plasmid containing "donor" PKS DNA is 
introduced into a host cell under conditions where the plasmid becomes integrated into the DEBS 
10 genes on the chromosome of the erythromycn-producing strain by homologous recombination, to 
create a hybrid PKS. A preferred embodiment is when the donor PKS ONA includes a segment 
encoding a loading module in such a way that this loading module becomes linked to the DEBS 
genes on the chromosome. Such a hybrid PKS produces valuable and novel erythromycin 
products when cultured under suitable conditions as described herein. Specifically, when the 
1 5 loading module of the DEBS genes is replaced by the loading module of the 

avermectin-producing (avr) PKS. the novel erythromycin products contain a starter unit typical of 
those used by the avr PKS Thus, when the loading module of the ery PKS is replaced by the avr 
loading module. Saccharopolyspora erythraea strains containing such hybrid PKS are found to 
produce 14-membered macrolides containing starter units typically used by the avr PKS. 
20 Itis unexpected that the 14-membered macrolide polyketides produced by such 

recombinant cells of S. erythraea are found to include derivatives of erythromycin A. showing that 
the several processing steps required for the transformation of the products of the hybrid PKS into 
novel and therapeuticalty valuable erythromycin A derivatives are correctly carried out. A further 
aspect of the present invention is the unexpected and surprismg finding that transcription of any 
25 of the hybrid erythromycin genes can be specifically increased when the hybrid genes are placed 
under the control of a promoter for a Type I. PKS gene linked to a spedfic activator gene for that 
promoter it is particularly remarkable that when a genefically eng.neered cell conta.n.ng hybrid 
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erythromycin genes under such control is cultured under conditions suitable for erythromycin 
production, significantly enhanced levels of the novel erythromycin are produced. Such specific 
increases m yield of a va.uable erythromycin product are also seen for natural erythromycin PKS 
placed under the conlrol of a Type II PKS promoter and activator gene. In a preferred embodiment. 
5 desired genes present on an SCP 2 -«erived plasmid are placed under the control of the 
bidirectional actl promoter derived from the actinorhodin biosynthetic gene cluster of 
Streptomyces coelicolor. and in which the vector ateo contains the structural gene encoding the 
specific actuator protein Act llorf 4. The recombinant plasm* is introduced .nto 
Saccharopolyspora erythraea. under conditions where either the introduced PKS genes, or PKS 
0 genes already present in the host strain, are expressed under the control of the act. promoter. 

Such strains produce the destred erythromycin product and the activator gene requires 
only the presence of the specific promoter in order to enhance transcnptional efficiency from the 
promoter. This is particularly surprising in that activators of the Ac«llorf4 family do not belong to a 
recognised class of DNA-binding proteins. Therefore it wou,d be expected that additional proteins 
or other control elements would be required for activation to occur in a heterologous host not 
Known to produce actinorhodm or a related isochromanequinone p,gment It is also surprising and 
useful that the recombinant strains can produce more than ten-fold erythromycin product than 
when the same PKS genes are under the control of the natural promoter, and the specific 
erythromycin product is also produced precociously in growing cufture, rather than on,y during the 
transition from growth to stationary phase. Such erythromycins are usefu. as antibiotics and for 
many other purposes in human and veterinary medicine. Thus, when the genetically engineered 
cel. is Saccharopolyspora erythraea. the activator and promoter are derived from the actinorhodin 
PKS gene cluster and the actl/act..K,rf4<egulated ery PKS gene cluster is housed in the 
chromosome, following the W-spedfic integration of a low copy number p.asmtf vector, cuituring 
of these cells under suitable condit.ons can produce more than ten-fold total 14-membered 
macrol.de product than in a comparable stram not under such heterologous contro. When ,n such 
a geneticany engmeered cell of S. erythraea the PKS genes under this heterologous contro. are 
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hybrid Type I PKS genes whose construction is described herein, more than tenfold hybrid 
polyketide product can be obtained compared to the same hybrid Type t PKS genes not under 
such control. Specifically, when the hybnd Type I PKS genes are the ery PKS genes in which the 
loader module is replaced by the avr loading module, a ten-fold increase is found in the total 

5 amounts of novel 14-membered macrolides produced by the genetically engineered cells when 
cultured under suitable conditions as descnbed herein. 

The suitable and preferred means of growing the untranstormed and genetically- 
engineered erythromycin-producing cells, and suitable and preferred means for the isolation, 
identification, and practical utility of the novel erythromycins are described more fully in the 

m examples. 

cmmary thft Invention 
The present invention relates to compounds of the formula 1: 



N(CH^s 






15 



R 8 = H or 



1 ^ ^ ^ 

V 

R 10 =OHor 

HjC OR13 

and to pharmaceutical^ acceptable salts thereof, wherein: 

R, is an alpha-branched C s -C, alkyl. alkenyl. alkynyl. alkoxyalkyl or alkytthioalkyl group any of 
which may be optionally substituted by one or more hydroxyl groups, a 0,-C, cyctoalkytalkyl group 
wherein the alkyl group is an alpha-branched C,-C s alkyl group , a C 3 -C, cycloalkyl or C s -C, 
cycloalkenyl group, either of which may optionally be substituted by methyl or one or more 
hydroxyl . or one or more C.-C, alkyl groups or halo atoms: or a 3 to 6 membered oxygen or sulphur 
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conta-ning heterocyc,* ring wh,ch may be saturated, or fu,V or par,,a..y unsaturated and wh«h may 

may be optionally substituted with at least one substituent selected from C,C, a.kyi. c,C 4 alkoxy 
andC^alkylthio groups, halogen atoms, trifluoromethy,. and cyano; or R, may be a group with a 
5 formula (a) as shown betow: 



(CH 2 ) 8 (CH2)c 

■ K I 

(CH^ ^(CH 2 ) a 

wherein X is O. S or -C H? , a. b. c. and d are each .ndependently 0-2 and a + b ♦ c + d s 5. 

R ? «s H or OH; R,- Ri „ each . independemly H ^ Qr ^ ^ H ^ ^ ^ r ^ 

CH„ orCH ? CH j: R. is H or desosamine. R, is H. CH, or CH ? CH a ; R w is OH. mycarose (R„ is H) or 
cladinose (R„ is CH,), R„ isH;orR m = R n -0; and R„ is H. CH,. or CH,CH 3 

in the above definition, alkyl groups containing 3 or more carbon atoms may be straight or 
branched chain. Halo means fluoro. chloro. bromo or ,odo Alpha-branched means that the carton 
attached to the C 13 position is a secondary carbon atom linked to two further carbon atoms, the 
remainder of the alkyl chain may be straight or branched chain. 

Preferred compounds of formula 1 are those where,n R,-R 5 . R ,. R, and R „ are CHj . and R< 
is isopropy, or sec-butyl. 2-buten-2-y,. 2-penten-2-yl. or 4-me,by,-2-pen,en-2-y. opt.ona.fy 
substituted by one or more hydroxyl groups. Also preferred are compounds of formu,a 1 wherein 

R,. R„ and R„areCH, and R.isC^cycloalky. orcycloalkenyl. which may opttonallybe 
substftutedbyoneormorehyrfroKylgroupsoroneormoreC^alkyl groups. In a further group 
of preferred compounds. R, is a 5 or 6 membered oxygen or su,phur contaming heterocyc.* nng 
Part^u.ar.yas-th.eny.ora.furylring.wh.hmaybeopt.ona,^ 

groups, or one or more C<C. a,kyt groups or hatogen atoms In another group of preferred 
compounds. RJsa^-C.alky.thtoalky. group. partly a l-me«h y .«h 10 e«hy. group 
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Other specific embodiments of this invention include compounds of formula 2: 

N(CH 3 ) 2 





R 8 = H or 



R 10 = OH or 




H 3 C OR13 



and to pharmaceutically acceptable saltsthereof. wherein: 

R, is H. C,-C. alkyl. C 2 -C„ alkenyl. C,-C. alkynyl. alkoxyalkyl or alkylthioalkyl containing from 1 

5 to 6 carbon atoms in each alky! or alkoxy group wherein any of said alkyl. alkoxy. alkenyl or alkynyl 
groups may be substituted by one or more hydroxyl groups or by one or more halo atoms; or a C3- 
Ccydoalkyt orC s -C 9 cydoalkenyl either of which may be optionally substituted by methyl or one or 
more C,-C. alkyl groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and which may optionally 

10 be substituted by one or more C,-C 4 alkyl groups or halo atoms; or a group of the formula SR„ 

wherein R M is C,-C. alkyl, C*C alkenyl. (VC, alkynyl. C^cycloalkvl. C-C. cydoalkenyl. phenyl or 
substituted phenyl wherein the substituent is C,-C 4 alkyl. C,-C 4 alkoxy or halo, or a 3 to 6 membered 
oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more C,-C 4 alkyl groups or halo 

15 atoms. 

R, is H or OH: R,-R 5 are each independently H. CH S . or CH,CH,; R, is H or OH. and R, is H. 
CH, or CHW R. is H or desosamine: fl,is H. CH* or CH^,: R w is OH. mycarose (R n is H). or 
Cladinose (R 0 is CHJ. R„ is H; or R„ = R„ = O; and R„ is H. CH, orCHjCH,. with the proviso that 
when RyR 4 are CH,. R , is CH, R,isCH 3 . and R p isCH,. then R, is not H or C, alkyl 
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in the above definition, alky, groups contammg 3 or more carbon atoms may be stra.ght or 
branched chain. Halo means fluoro. chloro. bromo or iodo 

Preferred compoundsof formula 2 are those wherein R s -R s areCH,. R,i sC H,. R.isCH,. 
and R„ isCH,. and R, is SR M wherein R M is methyl or ethyl. In another group of preferred 
5 compounds. R.ismethy.. isopropyl. or sec-butyl, which may be subsided by one or more 
hydroxyt groups. In a further group of preferred compounds. R, is branched C,-C, alkyl group 
substituted by one or more hydroxyl groups or one or more ha«o atoms, particularly 1 - 
(trifluoromethyl)ethyl. 

The invention also relates to a pharmaceutical composition for the treatment of a bacterial 
. 0 infection or a protozoa, infection ,n a mammal. f,sh. or bird wh,ch compnses a therapeutically 
effective amount of a compound of formula lor formula 2. or a pharmaceutic^ acceptable salt 
thereof, and a pharmaceutical^ acceptable carrier. 

The invention also relates to a method of treating a bacteria, infection or a protozoa, 
infecton in a mammal, fish, or bird wh,ch compnses administer^ to said mammal, fish or bird a 
.5 therapeutically effective amount of a compound of formula lor formu.a 2 or a pharmaceutic^ 
acceptable salt thereof. 

The term 'treatment", as used here,n. unless otherwise indicated, includes the treatment 
or prevention of a bacteria, mfection or protozoa, infection as provided in the method of the 
present invention. 

20 As used herein, unless otherwise indicated, the terms "bacterial infection^)" and 

•protozoa, infects," include bacteria, infections and protozoa, infections that occur in mammals. 
«sh and birds as we« as disorders related to bactenai infections and protozoa, infections that may 
be treated or prevented by administering entities such as the compounds of the present 
invention. Such bacteria, infections and protozoa, infections, and disorders related to such 

25 infections, inciude the following: pneumonia, otitis media, sinuatus. bronchitis, tonsillitis, and 

mastoids related to .nfection by Streptococcus pneumon,ae. HaemopMus .nftuenzae. Morula 
ca^s. stawococcus aureus, or Peptostreptococcus spp . pharvng.tis. rbeumatic fever, and 
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glomerulonephritis related to infection by Streptococcus pyogenes. GroupsC andG streptococci. 
Clostridium diptheriae. or Actinobacillus haemotyticum: respiratory tract infections related to 
infection by Mycoplasma pneumomae. Legionella pneumophila. Streptococcus pneumoniae. 
Haemophilus influenzae, or Chlamyd,a pneumoniae: uncompficated skin and soft t.ssue infections. 
5 abscesses and osteomyelitis, and puerperal fever related to infection by Staphylococcus aureus. 
coagulase-positive staphylococci (..e.. S. epidermidis. S. hemoiyticus. etc.). Streptococcus 
pyogenes . Streptococcus agalactiae. Streptococcal groups C-F (minute-colony streptococci), 
vindans streptococci. Corynebactenum minutissimum. Clostridium spp.. or Bartonella henselae: 
uncomplicated acute urinary tract infections related to intection by Staphylococcus saprophytics 
10 or Enterococcus spp. : urethritis and cervicitis: and sexually transmitted diseases related to 
intection by Chlamydia trachomatis. Haemophilus ducreyi. Treponema pallidum. Ureaplasma 
ureaiyticum. or Neiserria gonorrheae: toxin diseases related to infection by S. aureus (food 
poisoning and Toxic shock syndrome), or Groups A. B. and C streptococci, ulcers related to 
infection by Helicobacter pylon, system* febrile syndromes related to infection by Borrelia 
,5 recurrent: Lyme disease related to infection by Borrelia burgdorferi: conjunctivitis, keratitis, and 
dacrocystitis related to infection by Chlamydia trachomatis. Neisseria gonorrhoeae. S. aureus. S. 
pneumoniae. S. pyogenes. H influenzae, or Listeria spp.: disseminated Mycobacterium avium 
complex (MAC) disease related to .nfection by Mycobacterium avium, or Mycobactenum 
mtraceUulare, gastroenterrtis related to Election by Campylobacter jejuni ; intestinal protozoa 
20 related to infection by Cryptosporidium spp.: odontogenic infection related to infection by viridans 
streptococci: persistent cough related to infection by Bordetella pertussin gangrene related to 
infection by Clostridium perfringensor Bacteroides spp.: and atherosclerosis related to infection 
by Helicobacter pylori or Chlamyd,a pneumoniae. Bacterial Elections and protozoal infections and 
disorders related to sucn infections that may be treated or prevented in animals include the 
25 following: bovine resp.ratory disease related to .nfection by P. haem.. P. muttoctda. Mycoplasma 
bows, or 8ordefe//a spp. cow entenc disease related to infection by £ coli or protozoa (i.e.. 
cocc.dia. cryptosporid.a. etc. ) : dairy cow mastitis related to infection by Staph aureus. Strep 
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spp. . s*ne raspatory <, sease raalK) ,„ ^ ^ ^ c;aro fl ^ 

spp, «. erne* Oisease reWeo „ Wection by e ^ ^ 

Samoa™ *^*« cow ioo.ro, ra«eo to inieCon 0, a««*. spp, „ meWis 

5 ^»««»'V£«cow^wan s , eWMt o rt e*oo T ^„^ TO ^ n/m 
or flacks pink<ye , aaM , o ^ ^ ^ 

aOonion reiaied ,o inieciion p„ proloaa (i e . ^ UM m|Kton fc ^ ^ 

re,a,eo ,o M, oy e «* and « ^ in(eaioos „ ^ _ cm ^ ^ ^ ^ 

** S,aW *"* sm. CP. oWoafc.andden.aior 

.0 nrouto ,„ fMm , s in dogs and cats r «„ed to toieoto, oy ^ ^ 

a,s,«„pspp.. & « roto3Wspp . i Elrtaaaim Peoioaireproopcc,*. po^™^ „ 
Pre***,, ow^^^^^^^^^ 
«ec,ions toat may be rreaied or p^ ln aCOTd rtm ,„ e ^ - ffie ^ ^ 
referred ,o in J. P. Santo* e, a, . -T„e San 1W d a*, To Aniimicooa Tnetapy .. ^ ^ 
.5 Tnerap,. inc.. ««. „ , sals0 lnc , eas ,^ ^ ^ 

•* inveniion can nave ccastoorabie ^ » ^ Irealmew „ ^ ^ ( . g ^ ^ 
ana atoerosclerosisl nol nonnally aesoc,a.ed win. bacenal or protozoa, inleoons. 

When used ^^abaae^w^oradaorOerra^ePtoataclenaiii-ecapnor 
o^in.n,an, m a,. s ^a S .h U n,ap.ora« S p.or a ,o.ac OT po u „dP f tor n , ute 
=0 *«-<<»neo,,n«e ( c™oUphanp^ 

™»*-»i**,mm l m.mm„ m * r . Succp m pp S ,to„ tcan6 , MmlniawM 

orator axan,*, as ^ pr oapso^ o, parang, .i^inctodessoixaaaneousapd 
MMMTI**. Tnecpn,pp^o„o™, uB1 ortonn u , 2mava , SOIJeaamwaKadr ^ 
sac* as inrc^n ap*c«ton 0(a rhepfcanoaceo.caiiy accept earner „„ aeDeW 

« on toe toienoed mo* o, adnun*a,io„. Fo, exampto ^ CT(ate „ ^ a 

Phosphor,: aoo. togetoe, »», ^raiinp agenis (seen as sraroh, ane ioOnca,^ agento ,so=n 
as magnes™ siearare. so-on, ieure, soiieie. and m oa„ „ usa d as toe pnaonaceufc,.,, 
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acceptable carrier in tablets. Also, for use in capsules, useful pharmaceutical^ acceptable earners 
are lactose and high molecular weight polyethylene glycols (e.g., having molecular weights from 
2.000 to 4,000). For parenteral use. sterile solutions, or suspensions can be prepared wherein 
the pharmaceutical^ acceptable earner is aqueous (e.g.. water, isotonic saline, or isotonic 

5 dextrose) or non-aqueous (e.g.. fatty oils of vegetable origin such as cottonseed or peanut oil, of 
polyols such as glycerol or propylene glycol). 

When used in vivo to treat a bacterial infection or orders related to a bacterial infection in a 
mammalian subject, or for treatment of various cancers in humans, (in particular non-small cell lung 
cancer) and other mammals such as dogs, either orally or parenteral!^ the usual daily dosage will be 

10 in the range from 0. 1 -100 mg/kg of body weight, especially 0.5-25 mg/kg of body weight in single 
or divided doses. 

The phrase M phaimaceuticaly acceptable sait(s)\ as used herein, unless otherwise 
indicted, includes sattsof acidicor basic groups which maybe present in the compounds of the 
present invention. The compounds of the present inventbn that are basic in nature are capable of 

15 forming a wide variety of salts with various horganicand organicacids The acids that may be used to 
prepare pharmaceutic^ acceptsfcleecid addition sattsof such basic compounds of are those thd 
form non-toxic acid additbn salts, i.e.. salts containing pharmacologicallyacceptabfe anions, such as 
the hydrochloride, hydrobiomide. hydroiodkJe. nitrate, sulfate, bisulfate, phosphate, acid 
phosphate, isoncotinate. tcetate. lactate, sdicylste. citrate, acid citrate, tartrate, pantothenate. 

20 bitartrate. ascortate. succinate, mdeate. gentisinate.fumarate. gluconate. glucaronae. saccharate. 
formate, benzoate, glutamste. methanesuffonate, ethanesutfonate, benzenesulbnate. p- 
toluenesulfonate and pamoate (i.e. ,1.1 *-methyene-bis-(2-hydro)cy^-naphthoae)) salts 

Those compoundsof the present invention thai are acidicin nature are capable of forming 
base salts with various pharmacologically acceptable cations. Exanplesof aich salts include the 

25 alkalimetaloralkaline earth metal salts and. particulaily. thecateium. magnesium, sodium and 
potasaum saltsof the compounds of the present invention. 
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Certah compoundsof the present in^ntion mayhave asyronetric centers and therefore 
ex.st,n different enantromenc and diastereomc forms. This invention reiaes to theuse of al optical 
isomers and stereoisomersof the corrpoundsof the present rnvention. and mitres thereof, and to 
ailpharmaceuticaicompositKjnsandrnethodsoftreatmentthatmayempto 
5 The present invention inctides the compounds of the present invention, and the 

Pharmxeutic^yacceptabb saltsthereof. wherein one ormore hydrogen." cabon or other atoms *-e 
replaced by isotopes thereof. Suchcompoundsmay be useful as reaearch anddiagnostictoolsin 
metabolism pharmacokinetic studies and in binding assays 

Compoundsof thepresent nvention ae produced by fermentation of an untransformed cr 
1 0 transformed organism capable of producing enythromycins. including but not Imrted to 
Sacch TOP olys P o raS pecies.S^^ 
Arth0 ^sp..andS^^ 

th^regandareuntransfo^edandtrensfom.edstransotSaccham^ 
NRRL 2338. 1 8643. 2t 484. Ran.cu.arV preferred transformed stransare those in whichthe 
15 erythromycin loading modub has been replied with the bading module from the avermectin 

producer. Streptomyces events, or the rapamycin producer, Streptomyceshygroscopcus. The 
preferred methodof produdng compoundsof thecurrent hventron is by fermentation of the 
appropriate organism in the presenceof the annate carooxylicacid of the formulaR 1 COOH. 
whereh R1 is aspreviousy defined in formulae lorj> orasalt. ester (particulany parable being the 
20 »«"Wei»M^ The a* or derivative 

thereof is addedto the fermentation either atthe timeof inocufcion oratintervalsduring the 
fermentation. Productionof the conpounds of this invert™ may be monitored by removing 
samp.es from me fermentation: extracting with an organc solven.and following the appeaance of 
the compounds of this invention byonromatognphy. forexample ushg high pressure liquid 
25 chromaography hcubation Iscontnued unWtne yje(dof the compound of f0fmutee lor2 hfls 

been maximrsed. generally for a pemd of 4 to 1 0days A preferred leve.of each edition of the 
carto^acrtordenvafcre thereof «s between 0.05 and 4.0 g/L The bestyreWs of the compounds 
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, rom formulae lor 2 are generally by graduaJV adding the acid orderivatte to the fermentation, for 
exampfe by daily addition over aperiod of several days. The medum used for the fermentation may 
be aconventiond complexmedium containing assimilable sources of carbon, nitrogen and trace 
elements. 

The suitable and preferred means of growing the untransformed and genetically- 
engineered erythromyc.n-produc.ng cells, and suitable and preferred means for the isolation, 
identification, and practical utility of the compounds of formulae 1 and g are described more fully in 
the Examples. 

Rrifif Description of the Oawinqs 
Some embodiments of the invention will now be described with reference to the 
accompanying drawings in which 



Figure 1 gives the chemical formulae of three known polyketides; 
15 Figure 2a is a diagram showing the functioning of 6-deoxyerythronolide synthase B (DEBS), a PKS 
producing 6-deoxyerythronolide B (6-DEB). a precursor of erythromycin A; 
Figure 2b shows post-PKS biosynthesis of erythromycins including the conversion of 6-DEB to 
erythromycin A; 

Figures 3a and 3b are diagrams showing the construction of plasmid pIGl ; 
20 Figures 4a. 4b. and 4c are diagrams showing the construction of plasmid pND30; 

Figure 5 is a diagram showing the construction of plasmid pAVLD, 

Figure 6 shows the integration of pAVLD into the genome of S. erythraea NRRL2338. 

Figure 7 is a diagram shoeing the biosynthesis ot rapamycin. 

Figure 8 is a diagram showing the construction of plasmid pM06. 
25 Figure 9 is a diagram showing the construction of plasmid pCJR26. 

Figure 10 is a diagram showing the construction ot plasmid pC-ATX 
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Figure 11 is aaagram slwwing meansruclionol plasma pCAT,2 
Figure 12 is a diagram slwwmg con^fe, 0 , Blasm(a fCJRn 



Bams! r>mffiniinn nr th. Iraeajjgn 
The wide range ef pni* accepred b v me a* ioading mMllte n8s ^ 
PPmprePensfce.yesfcMsPe, in p^ m „ or ^ ^ o 

214 73,.03 5 0,67.03,7 W «, tenare ^ wa , eanere , mn , heifen&eiy) ^ 
sho« Pe undersmod me toenlto „ „ no , ^ „ „ ^ ^ - ^ ^ ^ ^ 
10 *mp,yserye,oco„«,„, -m**-**.**^^ fMlKmme 

eogeale acvale, gene M ,l-„ rt 4 „ ePance the express™ „, me M 0 , m , s 

KM. when «ed „ me M ioading mo**. „ is aiso apparen, Iron, m, examBes 

.5 exogenous*.,^ suoarales ,o generare np»e, erymromycm PO,,.e,,Pes. ConseouenPy . is 
« l »^«»^a^„ m . art ma,sp^ nm «^ WTO0(mislnwnMiicmM 
«» phoned Oy sefcePon „, ,„e eppnopnae eiymremyoin producng ^ 
**-<-«t. W , l « (1 , 1Mll|1(1MtW|W(i-|ii 

O-Mkn ««, me approbate aleaer p„p TPpa. ^ao^ nramycin ^ 6 12 . 
0 did.oxyeo.Prpm,,*, ^ ^ ^ ^ ^ praflucM ^ 

SaPPheropo^ anravae, NRRL ,6643 or NRBl 21484 as mdioafcd m U.S. 5.14, 926 m 
WO ,7,06266. a***. „se 0, m. SaccMp^o^or, erymraea srrain, d.so*ed * WePer e, a! 
m d. Baca™, ,64:42*433. ,g 9 , „ as0 oe empioyed ,0 me desir« ^ei anafcgueso, 
^P^o,mven toF orexem 0te . SM ,„ uw24MnMusM(opfcnrt>rans ^ eaiwpiGia 

PNO30) to ooiain novel analogues 01 erymranolide 8 

UV speara were recorded using a Hewmp-Paaerd logon, diode-array 

sP«..«PPo,ome,e,A l ,N M( ,specl, a we,emeas u ,ed,nC D C, 3 5yaVa,,anUnp y 600MH 2 
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spectrometer unless otherwise indicated and peak positions are expressed in parts per million 
<ppm) downfield from tetramethysilane. The peak shapes are denoted as follows: s, singlet; d, 
doublet: t, triplet: q, quartet: rn, multipiet; br. broad. The atom number shown in the NMR 
structures is not representative of standard nomenclature, but correlates NMR data to that 
5 particular example. HPLC-MS data was acquired using a Hewlett-Packard 1090M liquid 

chromatograph interfaced to a VG Platform II mass spectrometer equipped with an APCI source 
(method A) or using a Hewlett-Packard 1050 liquid chromatograph interfaced to a VG Platform II 
mass spectrometer equipped with an APCI source (method B and method C). 

10 HPLC method A . 

Column Beckman Ultrasphere 5 urn ODS 4 mm x 25 cm 

Flow 0.85mUmin 

Mobile phase Gradient: acetomtrile:0.05 M ammonium acetate (28:72) 

to acetonitrile:0.05 M ammonium acetate (50:50) over 22 
j5 minutes, maintain acetonitrile:0.05 M ammonium acetate 

(50:50) 22-25 minutes: return to initial conditions 25-<30 
minutes. 



WO 98/01571 



Hplc method 

20 Column MetaChem Inertsil 5 urn C8 3 mm x 150 mm 

Flow 0.5mL/min 

Mobile phase Isocratic: methanol:0.05 M ammonium acetate with 0.1 % 
trifluoroacetic acid (60:40) 

25 HPLQmrthpdg : 

Column Waters Symmetry 5*im C 1 8 2 1 mm x 1 50 mm 
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Flow 0.22mL/min 

Mobile phase Gradient: acetonitrile.0.05 M ammonium acetate (30.70) 

to acetonitri/e:0.05 M ammonium acetate (50:50) over 30 



minutes. 

Use is made of the following media and solutions: 
Sucrose-sn^in^ QgfjQgj Mfidjma 

sucrose 

KN0 3 10 g 



KOH 
Tap water mofli Wfn 

glucose 
tryptone 
yeast extract 
EOTA 



69 g 



succinic acid 2.36 g 

«H 2 P0 4 2.7 g 

MgS0 4 .7H 2 0 1.2 g 

2nC, 2 10 mg 

MnCl 2 .4H 2 0 6.2 g 

CuCl 2 .2H 2 0 0.53 mg 

CoC, 2 0.55 mg 

FeSO 4 .7H 2 0 2 .5mg 

Caa 2 .2H 2 0 38 mg 

milli-Q water to 1.0 L 



to pH 6-6.4 

sg 

5g 
2.5 g 
36 mg 
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tap water to 1.0 L 

KOH topH7.1 

rav-P medium 

5 dextrose 50g/L 

Nutnsoy IM flour 30g/L 

(NH4)2S04 3g/L 

Nad 5g/L 

CaC03 6 g/L 
in pH adjusted to 7.0 

Nutrisoy™ flour is purchased from 8ritish Arkady Group. Skerton Road. 
Manchester, UK. 

15 The present invention is illustrated by the following examples. 

Example 1a - Construction of Plasmid p!G1 

Plasmid pIGl consists of an SCP2*-derived plasmid containing a hybrid Type I PKS gene 
comprising the avr loading module in place of the ery loading module, the first two extension 
modules of the ery PKS and the thioesterase of the ery PKS. This is constructed via several 

20 intermediate plasmlds as follows (Figure 3). 

0) Construction of Plasmid pVE3 4 
Plasmid pVE1446 which contains a portion of the avermectin (avr) PKS genes was obtained from 
E. coli strain ATCC 68250 (MacNeil, D. J. et al. Ann. N. Y. Acad. Sci (1994) 721:123-132). Plasmid 
pVE1446 was digested with BamHI and the.7.6 kbp fragment between coordinates 32. 15 and 

25 3.40 (MacNeil. D J eta!. Ann. N Y Acad. Sci. (1994) 721:123-132) was purified by gel 

electrophoresis and recircularised The mixture contained the desired plasmid pVE3.4 which was 
isolated after transformation of E coti strain TGlrecO (constructed by Or P Oliver. Dept. of 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



PCT/GB97/01810 



24 



Genetics. U. Cambridge; Kolodner. R. et al. J. Bacterid. (1985) 163 1060-1066; T Gibson. Ph.D. 
Thesis. U. Cambridge, 1985. 

(ii) Construction nf plaamid p NfX ^ p 
Plasmid pBK25 (Bevitt. D. J. et al. Eur. J. Biochem. (1992) 204:39^9) was digested with Ncol and 
the 12 kbp fragmeni was end-repaired and ligated into plasmid pUClS which had been linearised 
with Smal. The ligation mixture was transformed into E. coli TG 1 recO and individual colonies were 
checked for their plasmid content. The desired plasmid P NCOl2 was identified by its restriction 
pattern. 

niil Construction of Plasm irt o^Rph^ 
Plasmid pCRabc (Figure 3) was constructed as follows Three separate PCR reactions were 
conducted: First. 20 pmol each of synthetic oligonucleotides A1 (5'-CTC GTC GGT GGC TTT 
GCG-3 ) and A2 (5'-CCC GGG AAA AAC GAA GAC TAG TGG CGC GGA CGG CCG-3') were used to 
amplify a 1 .0 kbp product from 100 ng pNCC-1 2 template. The PCR product was end-repaired, 
phosphorylated and cloned into Smal-cut pUCIS to obtain plasmid pCRa. Secondly. 20 pmol each 
of synthetic oligonucleotides C1 (5'-CACGCGCAGCGCGGCGGA-3-) and C2 (5'-CGAACCGCTA 
GCG GTC GTC GCG ATG GCC T-3' ) were used to amplify a 1.5 kbp product from 100 ng pNC012 
template. The product was end-repaired, phosphorylated and cloned into Smal-cut pUC18 to 
obtain plasmid pCRc. Thirdly, 20 pmol each of synthetic oligonucleotides Bl 
(5'-GTGGCCCGGCCGTCCGCGCCACTAGTCTTCGTTTTT-3') and B2 (5'-AAC 
AOn-AGCGGTTCGTOCGaXSCTGCCGTGCC-S') were used toamplifya 1 4 kbp product from 100 
ng pVE3.4 template. The product was end-repaired, phosphorylated and cloned into Smal-cut 
PUC1 8 to obtain plasmid pCRb. 

Plasmid pCRa was digested with Hindlll and Spel and the 1 .0 kbp insert was ligated with 
plasmrd pCRb previousfy digested with Hindlll and Spel. to obtain plasmid pCRab. Plasmid pCRc 
was digested with Nhel and EcoRl and the 1.5 kbp insert was ligated with plasmid pCRab 
previously digested with Nhel and EcoRl to obtain plasmid pCRabc 
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^r^r y^nirikm of Plasmi d pNEWAVETE 
Plasmid pCRabc was digested with Mtel and Sfil and the ONA fragment containing the loading 
domain of the an PKS was purified by gel electrophoresis and ligated with plasmid pNTEP2 which 
had been digested with Mfel and Sfil and the larger fragment purified by gel electrophoresis. The 
5 ligation mixture was transformed into E. coli TG1 recO and individual colonies were checked for 
their plasmid content. The desired plasmid pNEWAVETE (13.7 kbp) was identified by its 

restriction pattern. 

{^ instruction of Plasm id pRM52 
Plasmid pRM52 isa derivative of plasmid pRM5 (McDaniei. R. et al. Science. (1993) 

10 262.1 546-1550). pRM5wasfirst lineansed by digestion with Ndel. end-repaired and then 

religated to produce pRM51 . pRM51 was cut with Pact and Nsil and the large Pacl-Nsil Iragment 
was isolated and ligated to a short double-stranded oligonucleotide linker containing an Ndel site 
and constructed from the synthetic oligonucleotides 5-TAAGGAGGACACATATGCA-3' and 
5'.TAATTCCTCCTGTGTAT-3' wn ich were annealed together. The ligation mixture was 

15 transformed into E. coli TGIrecO and isolated colonies were screened for their plasmid content 
The desired plasmid (19.6 kbp) was identified by its restriction map and was designated pRM52. 

H CQPanjgtjpri of Ptasmid p|G 1 
Plasmid pNEWAVETE was digested with Ndel and Xbai and the insert was purified by 
sedimentation on a sucrose gradient The purified insert was ligated into plasmid pRM52 (19.6 

20 kbp) which had been digested with Ndel and Xbal, and the vector purified by sedimentation on a 
sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies were 
checked for their plasmid content The desired plasmid pIGl was identified by its restriction 
pattern. 

Fxamnle lb - Construction o f Plasmid DND30 
25 Plasmid pND30 consists o1 an SCP2'<lerived plasmid containing a hybrid Type I PKS 

gene compns.ng the avr loading module in place of the ery loading module, the first two extension 
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raodu.es o- rh. „ pks and ,„e rhioesrerase « me ery PKS, This k considered „. weral 
intermediate ptesmids as follows (Figure 4). 

(Q Conari^ion of ih. Bgaam i ii ani i & flm 
P^R.O, ( ^re4 )i sas nuW ep to ^ KteatoBeuseaforewesaonoipKsgenMm 
5 a«nom,ce,es .^sO*,^^,^,,^^^^ 
numhe, S,,ep,on, W es reprfcon M „. j. and Hopwood, D A, J. Gen Mattel „«, 

« P-ote, dedng „a transrtfon ,ron, ^ ohase to am ^ y 
^»«»^edaa to ^ :anappr ^ 970teMA|ras(wm(rompMFioi5 

a ^"^^.u^aspdm« ffi ,s»*e fc ^u^.a:5,ACTAGTCCACT G CCr 
CTC GGTAAAATC CAG C*3' and 5-CTT AAG AGG GGC TCC ACC GCG TTC ACG GAC-3*. which 
- *od.es Spe , and m resmatel ^ Tftjs , ragmen| ^ ctonM ^ ^ 

,ePa " MAa "' S " e0,WaSm " ] ^' 9 ^*P'-«PC J «..Anapp,o»,n,a tt(y2 , 5 h pONA 
.5 •^'^^.-PM V<M wh e „ Mn , a ,„ smett . a , WwmotttMjrpMin ^ |) 

(Parna. Vera,. N„«. Ac,ds H .s. „ 99 „ 1 9:2623-2627), using as primers the synthetic 

oligonucleotides5''ACA TTC TCT ACG CCT AAG TGTTCC CCT CCC TGC CTC-3' and 5'-GTG ATG 

TAT GCTCAT ATG TGT CCT CCT TAA TTA ATCGAT GCG TTC GTC CGG TG-3'. which also 

Pnmers the oligonucleotides 5'-TGA ACA CCA AGC TTG CCA GAG AGC GAC GAC TTC CCC-3 ' 

and 5'-GAC AGA TTG CAT GCC CTT CGA GGA GTG CCC GCC Crr v a- k 

" ul -^ Gcc COG-3whKharsoinaoduces 
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origin of replication (Lydiate. D. J. et al. Gene (1985) 35:223-235) is ligated into pUC19 digested 
with BamHl and Sstl to generate the functional plasmid pCJR16 (14.7 kbp). Plasmid pCJR24 is 
digested with Sail and Sphl. the two larger fragments from the digest are purified by gel 
electrophoresis, and combined in a four-component ligation with pfasmid pCJRi6 which has been 

5 digested with Xhol and Sphl. The ligation mixture is used to transform Streptomyces lividans and 
colonies are selected «n the presence of thiostrepton. One such colony is shown to contain the 
desired plasmid pCJRiOl (approx. 12 4 kbp). identified by its restriction pattern. 

tirt Construction of Plas mid oCJR29 
The construction of plasmid pCJR29 is illustrated in Figure 4. A 1 .1 kbp Hindlll-Xhol fragment 

10 containing the tsr gene, which confers resistance to thiostrepton. is obtained by PCR from plasmid 
plJ922 as template, using as primers the oligonucleotides 5-TGA ACA CCA AGC TTG CCA GAG 
AGC GAC GAC TTC CCC-3" and 5-GAC AGA TTC TCG AGC CTT CG A GGA GTG CCC GCC CGG-3' 
which also introduces flanking Hindi II and Xhol sites. The PCR product is digested with Hindlll and 
Xhol and ligated with plasmid pCJR 16 which has been digested with Hindlll and Xhol. to generate 

15 plasmid pCJR25. Plasmid pCJR25 is digested with Hindlll and Sphl and ligated with plasmid 

pCJR 1 9 which has been digested with Hindlll and Sphl. to produce the desired plasmid pCJR29 
(approx. 12 4 kbp). identified by its restriction pattern. Plasmid pCJR29 differs from pCJR101 in 
the orientation of the tsr gene, the actll-orf4 gene and the actl/actlll promoter, with respect to the 
SCP2* derived origin of replication 

20 rbi) Constructio n Of Plasmid o(MP30 

Plasmid pNEWAVETE was digested with Ndel and Xbai and the insert was purified by 
sedimentation on a sucrose gradient The purified insert was ligated into plasmid pCJR29 (approx. 
1 2.4 kbp) which had been digested with Ndel and Xbal. and the vector purified by sedimentation 
on a sucrose gradient. The ligation mixture was used to transform E. coli and individual colonies 

25 were checked for their plasmid content. The desired plasmid pND30 was identified by its 
restriction pattern. 
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Example 1c ■ ggQStQjgiQo of nlftKr? ^ P ^,. R?ff 

Plasmid pMOS (Figure 8) was first constructed in several steps: 
(') Construction of ff ^n< 

Tbe approxto,,,* 1.3 kbpONA aegman, 0( ,„ e efyAI gen0 „, s ^ 
5 MM , M to ndctedttd. 3273 „, eryA, (Donadid. S. e, a,.. Science ,199,1 252 . 375.579, 

CTCCTG GGA AGT-3'and S'-CAA CCC TOG CCA QQG AAG ACG AAG ACGG-3*. and ptasmid 
PNTEP 2 aea,e„ W a,e. "..^P^w^en^ep^ederto^^,^^,,, ^ 
had bee. itneansed by olgesaen „,„, Sm a, and tben trealed wan atKatine pbospnatase Tn. 

• ,WmM «-^»~eco l ,TGUecOa W to 0 « U a 1 coton,e 8 we,ec,e« M to r 
•be, ptasmid coma™. The desaed ptoa™ a pMO, ,3.9 W to , he ^ aK g- 

-.^.^^^^^^^^^ 
("instruction nf pipcmin pMO? 

Tbaapp f o, im a,e ly o.s 5 , to o N Ase 9 n,a«o f toe ra pA 9 aae„ l s,,.pto myC asb W o S c <) p,c l ,s 
ex-enbto, „o™ ieo ,„ 2486 „ ^ ^ ^ ^ ^ ^ 

'°"°" n9 -""""-"a- 5'-TTCCCTGQCCAGGQGTOGCAG0GTG-3'and S'-CAC 

CTAGGACCGc m ACCACTCGAC^a^,beD N A 1 ro mmer acpa,b,^,bac.enopba 3 e,., E 
(SchwecKe. r. a, a,., *oc « Acad. Sc.. USA ,,995, 9a.7S39.7ea3, as ibe lemptaie PCR 
P"duc< waa endued and *,a,ed « pUCle . wWcft ^ ^ ^ ^ ^ 

^^'^^^^-^Pbospb^rba^^^^^^ 

' TQI ,eC ° aM <*■— — d— to, toe*, pBsmHl ^ Th9 dearM 

Plasmid pM02 (3. 5 kbp, was identified by its restriction pattern 
(fill Consmwinp d r | n smM nM(Y> 

Theappro^a^t^bpo^^^^^,^^^^^^ 
nuctaottoe.^Bton^e^,,,^,^^^^^^^^^^ 

synmetto otiponocteolides: 5'-TGG CCA GQG AGT OGG TGC ACC TAG GCA-3' and 5X3CC GAC 
AGCGAGTa 3 ACGCCGAGTT.3..and,a OT top N r EP2as , emWaleThepcBo , o<)uctwasena . 
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repaired and ligated with plasmid pUC1 8. which had been linearised by digestion with Smal and 
then treated with alkaline phosphatase. The ligation mixture was used to transform E. coli TG 1 
recO and individual colonies were checked for their plasmid content. The desired plasmid pM03 
(4.4 kbp). in which Ball and Avrtl sites are adjacent to the HindlH site of me polylinker. was identified 

5 by its restriction pattern. 

(jy) Construction nf nlasmid oMQ4 
Plasmid pMOl was digested with HindlH and Ball and the 1 .3 kbp insert was ligated with plasmid 
pM03 which had been digested with HindlH and Ball. The ligation mixture was used to transform E. 
coli TG1 recO and individual colonies were checked tor their plasmid content. The desired plasmid 

10 pM04 (5.6 kbp) was identified by its restriction pattern. 
M Construction of plasmid PM05 
Plasmid pM04 was digested with Stul and the 3.0 kbp insert was ligated with plasmid pNTEP2 
which had been digested with Stul and purified by gel electrophoresis to remove the 3.8 kbp 
insert. The ligation mixture was transformed into Ecoli TG1 recO and individual colonies were 

15 checked for their plasmid content. The plasmid pM05 (1 2.8 kbp) was identified by its restriction 
pattern. 

(Vi)CjffldQIStjaO, nt nlasmid pMQ6 
Plasmid pM02 was digested with Ball and Avrll and the insert was ligated with plasmid pM05 which 
had been digested with Ball and Avrll. The ligation mixture was used to transform Ecoli TG1 recO 

20 and individual colonies were checked for their plasmid content. The desired plasmid pM06 ( 1 3. 5 
kbp) was identified by its restriction pattern. 

fvil Construction of plasm id oCJR26 
Plasmid pCJP.26 is an SCP2* based plasmid containing a PKS gene comprising the ery loading 
module, the first and second extension modules of the ery PKS and the ery chain-terminating 

25 thioesterase. except that the DNA segment encoding the methytmalonyl-CoA:ACP 

acyltransferase within the first extension module has been specifically substituted by the DNA 
encodmo the malonyt-CoAiACP acyltransferase ot module 2 of the rap PKS It was constructed a; 
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therrpiasnridcontent. ^^^^^^^^^ 

™— . oolon,es were saecteo on B2T2 „ medlum OT , an(ng ^ , 

c*nes we, tested ,o, , he oresenM „ pCJR26 in , wated ^ chromoMTC ^ ^ 

hybridisation of their genomic ONA with DIG-Iabelled OEBS1-TE gene 

A ctone witn an ,„,eg,a,ed cop„o, pGtft* waagrown ,n SSM ntediun, 

o. 1 nioa,rep,o„anOa to weo,og,ow,o,aevenOav S a,^ Ato ,nia,, m e W eo rom „aa,,,,e,e a 
•'-overnycetiaand-hepHwasadiusredtopHO The broth was extracted twice w,,h , wo 

vo.onteaoteth^ca^ano.hecomt.nedethwacetatee^cts were washed „„nane, ua 
» ^"^^^.d^ovar^pas^^,,^^^^ 

"vedunderredrKedptessure. to g,.e about 500 mg o, crude „odu« The products were 
shown ,o be ,23. 3ft, "Wt-w,,^^ ^ ^ ^ 3r ^ 

math y |.3.5-dihvdroxy-n.heptanoic acid » -lactone: 




20 




, 833e/pCIR?fi and as „«. ,n r ~vm;n „( 1 1 
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Approximately 5 mg pCJR49 ONA was used to transform S erythraea NRRL2338 
protoplasts to give a strain in which the plasmid is integrated into the chromosome. From several 
colonies, total ONA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAI to give a novel macrolide biosynthetic pathway. 

5 Further integrations had occurred to give repeated plasmid sequences. S. erythraea NRRL 2338 
/pCJR49 was inoculated into tryptic soy broth containing 5mg/ml thiostrepton and incubated at 
30°C for three days. 100 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5mg/ mL thiostrepton in 5 x 2 L flasks each containing 500mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm. After a further 5 days of growth the 

10 cultures were centrifuged and the pH ot the supernatant adjusted to pH 9. The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC/MS and two macrolides were identified as the 
erythromycin analogues: 

15 




Example 1f - Construction of plas mid oC-ATX 
20 Plasmid pC-ATX is an SCP2* based plasmid containing a PKS gene comprising the ery 

loading module, the first and second extension modules ot the ery PKS and the erv chain- 
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«,n the « e„e nsw ^ BM _ ^ ^ ^ o 

.-S, f ep B ^ KcimamonensisATCC , 45 , 3(orMlKero , me we|hef ^ 
> ntonenstn, '-«™«.^ t « 1 ^p 1 ^ M ^ ( ^ ^ 
(i) Isolatfon ^ ffn) 0 QSQflflj) 

Genom,c library of Streptomyces cinnamonensis ATCC 14513 mrt 

^ 14513 < me monensin producer) was 

^^---.--^^^^^ The ^ 

membrane, tysed. and their ONA was crossimked to the membrane by uv irradiation The 
--ewae^eht^eed ,or therein. Procedure The ins, o, pM os comp„,„ s 

- ^"-^as.pnobetoiONAhybn^ation The probe. as hybnoisedtortehe,^ 
-O.ssOb^erahds.tbseduehtty.ashedo^ortha,^, O8xSSC0uflcr ^ 
«heswe,e, M ,a, MONAo( , ne , nsanso(M1 „ feectoes(iasenaswuencMiromi3 ^ T7 

Present „ vectw pwEt , A region ^ ^ ( ^ 

^CoA^Pao^^^^^ 0NA ih8T? 

^^«~P«o, t hedc™„^„ asa ^ n „ a%dMww(rom 

PEBS (1995) 374 246-248) 

(iPConstrnrfinn „ f r | n ^ mif1 p M rv» 0 

The approximately 0.9 ttbp ONA segment ot the ATXdomem was amplified by pcr employing as 
—sthe ,o,».,„ g ^onocteotides = -CTC G CCA GG CCCCGCAATCOCCCAOCAT,.and 
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5*-CCC TAG GAG TCG CCG GCA GTC CAG CGC GGC GCC C-3' using the DNA from thecosmid 
pSC!N02 as the template. The PCR product was end-repaired and ligated with plasmid PUC18. 
which had been linearised by digestion with Smal and then treated with alkaline phosphatase. The 
ligation mixture was used to transform E coli TGI recO and individual colonies were checked for 
their plasmid content. The desired plasmid pM038 (3.5 kbp) was identified by its restriction 
pattern 

(«<) Construction of plasmid dMQ34 
Plasmid pM034 is a derivative of pMG6 with a polycloning site inserted after the stop codon of the 
inserted D1 - AT2 gene. Plasmid pM06 was digested with BcoRI and Hindlll and annealed with two 
oligonucleotides forming the double-stranded region of the polycloning site 5'-AAT TCA TAA 
CTA GTA GGA GGT CTG GCC ATC TAG A-3' and 5 -TCG AAG ATC T AC CGG TCT GG A GGA TG A 
TCA ATA C-3V The mixture was ligated and transformed into E. coli TGI recO. Individual colonies 
were checked for their plasmid content. The desired plasmid pM034 (13.5 kbp) was identified by 
its restriction pattern. 

(iv) Construction of plasmid dMQ35 
Plasmid pM035 is a derivative of pM034 containing TKLS-AT2 gene and a translationally coupled 
crotonyl-CoA-reductase gene from Streptomyces collinus (Wallace et at, E. J. Biochem. (1995) 
233: 954-962). The crotonyl-CoA-reductase gene was excised from the plasmid pZYB3 (the gift of 
Prof. K. Reynolds) as an Ndel - BamHf fragment, which was treated with mung bean nuclease to 
produce blunt ends and ligated into pMQ34 previously cut with Spel and likewise blunt-ended 
using mung bean nudease. The ligation mixture was used to transform E. coli TG1 recO and 
individual colonies were checked for their plasmid content. The desired plasmid pM035 (14.2 
kbp). with the correct orientation of the crotonyl-CoA-ketoreductase gene, was identified by its 
restriction pattern. 

(v)Construction of nlasmid oMQ3fi 
Plasmid pMQ38 was digested with Ball and Avrll and the insert was ligated with plasmid pM035 
which had been diaested with Ball and Avrll The liaation mixture was used to transform F coli TG1 
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recO and individua. colonies were checked (on .heir plasmid content. The desred plasmid pM036 
(13.5 kbp) was identified by its restriction pattern, 
(vi) Construction of nta^ ^.atv 

Plasmid PM036 was digested with Nde. and Xba. and the insert was .igated with plasmid pCJR29. 
which had been digested with Nde. and Xba. and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TG1 recO and individual colonies were checked for their 
plasmid content. The desired P .asmid pC-ATX was identified by its restriction pattern. 

Plasmid pC-ATX was used to transform S.erythraea JC2 protoplasts. Thiostrepton 
resistant colonies were selected on R2T20 medium containing 10,/gAni of thiostrepton. Several 
clones were tested for presence of P C-ATX integrated into the chromosome by Southern blot 
hybridisation of their genomic ONA with DIG-labelled ONA encoding the DEBS1-TE gene. 

A clone with an integrated copy o. pC-ATX was grown in SSM medium, containing 5 ug/m. 
of thiostrepton. and allowed to grow for seven days at 28-30<C. After this time the broth was 
filtered to remove mycelia and the pH adjusted to P H 3. The broth was extracted twice with two 
volumes of ethyl acetate and the combmed ethyl acetate extracts were washed with an equal 
volume of saturated sodium chloride, dried over anhydrous sod.um sulfate, and the ethyl acetate 
was removed under reduced pressure, to give about 500 mg of crude product. The products were 
characterised by gas chromatography, mass spectrometry and NMR, and were shown to be (2S. 
3R. 4S. 5R)-2-methy.-4-ethy.-3.5^ihydroxy-n-hexanoic acid 6-lactone and (2S. 3R. 4S. 5R)-2- 
methyl-4-ethyl-3.5-dihydroxy-n-heptanoic acid Wactone 
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Fxamole 1h - Construction of § ervthraea N P RI ?338/bC-ATX and its use in production Qf 14- 
membered macrolides 

Approximately 5mg pC-ATX ONA was used to transform S. erythraea NRRL 2338 
protoplasts to give a stran in which the plasmid is integrated into the chromosome. From several 
colonies, total DNA was obtained and analysed by Southern hybridisation to confirm that the 
plasmid has integrated in module 2 of EryAl to give a novel macrolide biosyntnetic pathway. 
Further integrations had occurred to give repeated plasmid sequences. S erythraea NRRL 2338 
/pC-ATX was inoculated into tryptic soy broth containing 5 mg/mL thiostrepton and incubated at 
30°C for three days 1 00 mL of this seed culture was used to inoculate 2 L of sucrose succinate 
defined medium containing 5 mg/mL thiostrepton in 5 x 2 L flasks each containing 500 mL medium 
with 2 springs to aid dispersion and shaken at 300 rpm After a further 5 days of growth the 
cultures were centrtfuged and the pH of the supernatant adjusted to pH 9 The supernatant was 
then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrolide products were identified 
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Example 11 - Construction ot KM T f ? 

Plasmid PC-AT12 is an SCP2' based plasmid containing a PKS gene comprising the ery 
toading module, the first and second extension modules of the ery PKS and the ery chain- 
; terminating thioesterase. except that the DNA segment encodmg the methylmalony.-CoA:ACP 
acyltransferase within thesecond extension modu.e has been specifically substituted by the DNA 
encoding the ma.ony.-CoA.ACP acyltransferase of modu.e 2 of the rap PKS. .t was constructed via 
several intermediate plasmids as follows (Figure 1 i) 
(1) Constructi on of nlaynjd pMO? g 

The approximately 1 .0 kbp DNA segment of the eryA. gene 0. S erythraea extending from 
nucleotide 6696 to nucleotide 7707 of eryA. (Donadio. S. et a... Saence (1991) 252. 675-679) 
was amplified by PGR employing as primers synthet«c ol.gonucleot.des: 5'-GGCGGGTCCGGA 
GGTGTTCACCGAGTT-3' and 5' -ACC TTG GCC AGG G AA GAC G AA CAC TGA-3'. and plasmid 
PNTEP2 as a«emp. ate . The PGR product was end-repaired and ..gated with p.asm^ pUC18. which 
had been .ineansed by digestion with Sma. and then treated with alkaline phosphatase The 
ligation mixture was used to transform E.coli TGlrecO and individual co.onies were checked for 
their plasmid content. The desired plasmid pM025(3.6 kbp,. in wh,ch the Stu. site bordering the 
insert is adjacent to the Hindi., site in the po.y.inker. was identified by its restriction pattern. 

(ii)Construrtinn pj p fasmid , [?MQ2fi 
The approximately 0.6 kbp DNA segment of the eryA. gene of S. erythraea extending from 
nuc.eot.de 8660 to nucleotide 9258 of eryA,. was amplfled by PGR employing as primers the 
synthetic o.igonuc.eot.des: 5 '-TCC TAG GCC GGG CCG G AC TGG TCG ACC TGC CGG GTT-3' and 
5'-AAA CAC CGC GAC CTG GTC CTC CGA GC-3*. and p.asmid pNTEP2 as tempiate. The PGR 
product was end-repaired and ..gated wfth plasm* P UC18. wh,ch had been .ineansed by d.gestion 
wrth Sma. and then treated with alkaline phosphatase. The Ration m,xture was used to transform 
E. coli TGlrecO and individual colonies were checked for therr p.asm.d content The desired 
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plasmid pM026(3.2 kbp). in which the Avrll site is adjacent to the Hindlll site of the polylinker. was 
identified by its restriction pattern. 

^Construction of olasmid dMQ27 
Plasmid pM025 was digested with EcoRI and Ball and the 1 .0 kbp insert was ligated with plasmid 
5 pM02 which had been digested with EcoRI and Ball. The ligation mixture was used to transform E. 
coli TG1 recO and individual colonies were checked for their plasmid content. The desired plasmid 
pM027 (4.4 kbp) was identified by its restriction pattern. 

(iv)gQDSBligfeffl Of Plasmfl pMQ35& 
Plasmid pM026 was digested with Avrll and Hindlll and the 0.6 kbp insert was ligated with plasmid 
10 pM027 which had been digested with Avrll and Hindlll. The ligation mixture was used to transform 
E. coli TGlrecO and individual colonies were checked for their plasmid content. The desired 
plasmid pM032 (5. 1 kbp) was identified by its restnction pattern. 

(vl Construction of plasmid pMQ33 
Plasmid pM032 was digested with BspEI and SexAl and the 2.7 kbp insert was ligated with plasmid 
15 pNTEP2 which had been digested with the same two enzymes and purified by gel electrophoresis 
to remove the 2.8 kbp insert. The ligation mixture was transformed into E.coli TGlrecO and 
individual colonies were checked for their plasmid content. The plasmid pM033 (12.8 kbp) was 

identified by its restriction pattern. 

(vrt Cnnstnirtiqn of Plasmid PC-AT1 2 
20 Plasmid pM033 was digested with Ndel and Xbal and the insert was ligated with plasmid pCJR29. 
which had been digested with Ndel and Xbal and purified by gel electrophoresis. The ligation 
mixture was transformed into E.coli TG 1 recO and individual colonies were checked for their plasmid 
content. The desired plasmid pC-ATl 2 was identified by its restriction pattern 

25 Example ii - Construction of S.ervthraea JC2/PC-AT12 a nd cmfliglifiO 0 f T KL derivatives 
Plasmid pC-AT1 2 was used to transform S.erythraea JC2 protoplasts Thiostrepton 
resistant colonies were selected on R2T20 medium containing 10 /yg/ml of thiostrepton. Several 
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was 



^»--™^--PH M ^ ttpH3Tllebromw8sex<racieaiwfce 

was removed under reduced pressure, to give about 500 mg of crude product The products were 
methy,.l 5 .dihvd,o«y.„. n ep,a„o K acK) r, - la ctone: 





Approbate* *, pC-AT, 2 DNA was used to trans,.™ S . mmam NBflL 233 , 
^.-otato^waso^eda^a.^^sc^^^,^^^^ 

^^shadoccurtedtcvetepea^^^^. , ^ 

*C-AT „ was ™ ^ ^ ^ Orom s ^ |htoarepio<) ^ ^ ^ 

30.C,„„ hr eeda VS toOreCo.0, . seed cu,,u,e was used, o™cu,a,e 2L o, sucrose strata 
de,-.ed m ed i u m cc„ B ™ gSra/mL , n „ s , repMnin5x2uiasks ^^ |aWng5oomL 

"^"'"^-a^^on™^^^^^^^^^^ 
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the cultures were centrifuged and the pH of the supernatant adjusted to pH 9 The supernatant 
was then extracted three times with an equal volume of ethyl acetate and the solvent removed by 
evaporation. Products were analysed by HPLC-MS and two macrofide products were identified. 




Example 11 - Construction of plasmid dCJR49 

pCJR49 is a pCJR24-based plasmid containing a mutant DEBS1-TE gene which has no 
ketoreductase in module 2. and the AT domain in module 2 has been replaced by RAPS AT2 in 
order to incorporate a malonyl extender instead of a methyimalonyl extender in the second module 
(Figure 12). 

pM032 was digested with BspEI and SexAl and the fragment containing the AT from RAP 
module 2 was cloned into pUC1-0 which had been previously digested with BspE I and SexA I. to 
yield the plasmid pCJR43. 

pCJR43 was digested with Ndel and Xbal and the fragment containing the mutant DEBS 1 - 
TE gene was cloned into pCJR24 which had previously been digested with Ndel and Xbal. to yield 
plasmid pCJR49. pCJR49 was confirmed by restriction enzyme mapping. 

Example 1m - Construction of S ervthraea JC2/pCJR49 and production of TKL derivatives 
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Approx,mately s^g pC JR49 DNA was used to transform S erythraea JC2 protoplasts to 

give a stra.n ,n wh,ch the plasmid is integrated into the chromosome From several colonies total 

DNA is obtained and analysed by Southern hybridisation to conf.rm that the plasmid has .ntegrated 

mo the eryTE. S. erythraea JC2/pCJR49 is inoculated into tryptic soy broth contain™ s Mg , mL 

thiostrepton and incubated at 30'C for three days 1 00 mL of this seed culture was used to 

.noculate 2 L of sucrose succinate defined med.um contain.ng s Mg /mL thiostrepton in 5 x 2 L 

flasks each conta,n,ng 500 mL medium with 2 springs to ad dispersion and shaken at 300 rpm. 

After a further 5 days of growth the cultures were centrifuged and the pH of the supernatant was 

adjusted to pH 3. The supernatant was then extracted three times with an equal volume of ethyl 

acetate and the solvent removed by evaporation Products were dissolved in methanol and 

analysed by GCMS on a Finnegan-MAT GCQ System This analysis .ndicated that by comparison 

to synthetic standards two new lactones were present These products were (4S.5R)-4-methyl-3- 

keto-5-hydroxyhexanoic acid 6 lactone and (4S.5R)-4-methyl-3-keio-5-hydroxyheptano.c acid ft 
lactone 




O 



Example tP - Construction of S prythra e a NR R I 2 338/dCJR4Q and rts us* for nr^.^p qj h. 
membered macrolictes 

5 Mg pCJR49 DNA was used to transform S. erythraea NRRL 2338 protoplasts to give a 
strain in which the plasmid is integrated into the chromosome From several colonies total DNA is 
obtained and analysed by Southern hybnd.sat.on to conf.rm that the plasm.d has .ntegrated m 
module 2 of EryAI to g.ve a novel macrolide b.osynthet.c pathway Further integrations had 
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occurred to give repeated plasmid sequences. S erythraea /pCJR49 is inoculated into tryptic soy 
broth containing s^a /mL thiostrepton and incubated at 30°C for three days 100 ml_ of this seed 
culture was used to inoculate 2 L of sucrose succinate defined medium containing s^g/rnl 
thiostrepton in 5x2 L flasks each containing 500mL medium with 2 springs to aid dispersion and 
5 shaken at 300 rpm After a further 5 days of growth the cultures were centrifuged and the pH of 
the supernatant adjusted to pH 9 The supernatant was then extracted three times with and equal 
volume of ethyl acetate and the solvent removed by evaporation Products were analysed by 
HPLC-MS and two macrolides were identified: 



10 




Example 2 - Construction of S. ervthraea ERMP1 Carr ying a Hybrid PKS Gene in which the avr 
Loading Didomatn is Substituted for the ery leading Didomain of S. ervthraea NRRl 2338 

(i) Construction Qf plasmid pAVID 

Plasmid pCRabc (Example 1) was linearised with BamH! and ligated to plJ702 previously digested 
with Bglll. The mixture contained the desired plasmid pAVLD (Figure 5). The ligation mixture was 
transformed into E.coli TGf recO and individual colonies were checked for their plasmid content. 
The desired plasmid pAVLD was identified by its restriction pattern (Figure 5). 

(ii) Construction of S ervthrea ERMP1 
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Approximately 5-10 * of pAVLO. isolated from E. coli TGlrecO(pAVLD) was transformed into S. 
erythraea NRRL2338 and stable thiostrepton res,stant cotonies were isolated. One of these 
colonies was selected and total DNA was digested with Pst. and analysed by Southern 
hybridisation employing as a probe the insert from plasmid pCRc whch contains the fragment of 
the ery Al gene encoding the ketosynthase domain KS1 The analysis showed 
positively-hybridizing Pst. fragments of 8.5 kbp, 4.8 kbp and 33 kbp. .ndicating the presence of 
two tandemly integrated copies of pAVLD (Figure 6) 

Example 3 . PrPrWF , fion of |SQ fltQ B d n nf1 M , ^ £ fYtprom vcjns t Js . nn s som sa £aM£j 

A 50 mL fermentation of S. erythraea ERMD1 was earned out on tap water medium and 
after 4 days at 30<C the mycelium was harvested and used to inoculate 1 .5 L of sucrose-succinate 
medium containing thiostrepton (50/yg/mL). Aftergrowth a. 3CTC for 4 days, the whole broth was 
extracted twice with an equal volume of ethyl acetate. 

The combined extracts were concentrated under reduced pressure and subjected twice to 
15 preparative thin layer chromatography on silica plates (20 x 20cm) eluted with 

chloroform/methano./.88 ammonia 8:2:0.01 (by vol). The products were further separated by 
HPLC on a PhaseSep C18 base-deactivated reversed-phase column S5 CDS (octadeoylsilane) 6 
(4.6mm x 25 cm), eluted with methanol/0.5% ammonium acetate (70:30 (vol/Vol)), at t mL/min 
Fractions were collected between 7 and 1 1 minutes from three separate injections, and the pooled 
20 fractions were re-injected in ten separate injections. The analogues containing an isopropyl side 
chain (isopropyl at R, of formula D derived from the incorporation of a 4-carbon (C-4; isobutyry.) 
starter unit eluted earlier, with the analogues containing a sec-butyl side chah (sec-butyl at R, of 
formula 1 , derived from the incorporation of a 5-carbon (C-5; 2-methybutyry.) starter unit emerging 
severe, minutes later. High resolution MS gave results for C-4 ervA. ervB and e^D analogues, and 
2S for C-5 eryA and eryB analogues. wh,ch correspond closely to those calculated: 
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Analogue 



Calc'dMass 



Mg^yr^ Mass 



C5-eryA 



762.5004 



762.5021 



C4-eryA 



748.4847 



748.4820 



C5-eryB 



746.4898 



748.5077 



C4-eryB 



732.4898 



732 4933 



10 



15 



20 



In these experiments natural erythromycins were present only in low or undetectable 
amounts, and there were no detectable amounts of eryC analogues. The overall concentration 
ratio of C-4/C-5 compounds in the fermentation broth, as assessed by ESMS of ethyl acetate 
extracts ol broths, was between 4 1 and 6:1 in favour of C-4 compounds. The ratio of A:B:D 
analogues is variable, about 15:60:25. but with an increasing proportion of A analogues as the 
fermentation proceeds. The total yield of erythromycins is about 400 jig/litre. No supplementation 
with either isobutyric or 2-methylbutyrtc acid was performed. Thus, it would appear that the 
isobutyryl and 2-methylbutyryl starter units are derived from endogenously supplied precursors, 
analogous to the synthesis of natural avermectins (e.g., Hafner et al. (1991), J Antibiot. 44:349- 
356). 

Example 4a - Construction of S ervthraeq NRRL 2338/dIGI 

Approximately 5 of plasmid pIGl was transformed Into protoplasts of S. erythraea NRRL 
2338 and stable thiostrepton resistant colonies are isolated. From several such colonies, total 
DNA was obtained and analysed by Southern hybridisation, to confirm that the plasmid had 
integrated specifically into eryAi. and Southern analysis also showed that the site of integration was 
appropriate to generate a mutant capable of producing altered macrolides via the ave loading 
module. 

Example 4b - Construction o1 S ervthra ea NRRL 2338/DND3Q 
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module. 



a sinai — — . cental 50 *nL .hapten. „ a a ^ ttm 

*ac .u^ romwi „ o (abcu, , 5 ^, wm othff ^ ^ 

- « — A; isopropy^^ 

sntaM amounts of natural erythromycins A. B and 0. S. eryttiraea NRflL 2336/plQ i produced 
^etyto-t^^^^^^.^^ 

Typo, 

«. ^ noaup^^ wm -artaoou^o, .^yrou^acrowaspadormed 
endogenously supplied precursors. 
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^ 5h - Preparatii 
k) R bi 9aaa/oND30 

S. erythraea NRRL 2338/pND30 was inoculated into tap water medium containing 50 

5 ^/mLthiostreptonandaliowedtogrowtorfourdaysataO'C. Afterthis. 20 ml of the mycelium 
was used to seed 500 mL of sucrose-succinate medium containing 50 M g /ml thiostrepton. in a 2L 
tlask with a single spring to reduce clumping, shaken at 280 rpm. After between 3.5 and 6 days. 
,he broth was filtered to remove mycelia and then extracted three times with a quarter volume of 
ethyl acetate. The combined ethyl acetate extracts were drted over anhydrous sodium sulphate 

,0 and solvent removed by evaporation. Analysis of the product mixture usng GC and e.ectrospray 
MS revealed that of a total of 5-6 mg/L of 14-membered macrolide products, the major component 
was sec-butyl^rythromycin D (about 1.5 mg/L). with other components present being 
sec-butyl-erythromycin B and sec-butyl-erythromycin A: isopropyl^rythromycins A. B and O: and 
small amounts of natural erythromycins A, B and 0. S. erythraea NRRL 2338/pND30 produced 

,5 approximately 10-15 times more of the novel isopropyl- and sec-butyl-erythromycins compared to 
the equivalent S. erythraea ERMD1 construct (see Example 2) clearly demonstrating the capability 
of the actl promoter and its cognate activator gene actl.-orf4 to enhance the express-on of Type I 
PKS s. Again, no supplementation with either isobutyric or 2-methylbutyric acid was performed. 
Thus, it would appear that the isobutyryl and 2-methylbutyryl starter units are derived from 

20 endogenous^ supplied precursors. 

ev ^ R . f fia . Proration of ^^inngnlvl.ervfhromvcin Q using 5 ftVTTWm NRRl 

The culture S. erythraea NRRL 2338/plGl was .noculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask. After 36 hours incubation at 28<C. this flask was used to inoculate 3 5 L 
25 of ERY-P medium .n a 5 L m.nijar. The broth was .ncubated at 28<C with an aeration rate of 1 .75 
L/m,n Cyclopentane carboxylic acid ( 1 4 mL) was added after 24 hours and the fermentation was 
continued for 168 hours. After th.s time, the whole broth was ad,usted to pH 8 5 with aqueous 



SUBSTITUTE SHEET (RULE 26) 



WO 98701571 



46 



PCT/GB97/01810 



sodaim hydroxide and exaacred wtft etbyi „ 0 L) . Ih0 ^ ^ ^ ^ 

«-~»^g^i-«-. w *««.^, MttOI-w . -Mi<-iBii-i 

^^-^^^^^^^^^^^ 

« lOnt^eftano^x , 0mL) Fra= to „s7HOwe™edandevapora,edio 
dome** '^'factiooalHjn wasrfloeatedoo inef8mainin93.2gof gum. Th^^^ 
"* 920 rf a """"V sc*. comaining desired product This was (urdte, puu,,ed by 
^-•'•^•*as.HP,.Cus,n,a 2 =^7 im ,oO S co to „ 8 ,. 2mm » 25cm)lls ^ a 

product o, inrerea. rron, ,ou, sapor.,. inie«ions.ere combed and evaded ,od,n.ss 
«-» repeat prepay reversed-pbasa HPLC using a SecXman s m unbare DOS coiumn 
OOmu, x 25 cnt, usi „ g a moMe ^ graaanI 0 , ^ ^ 

a=a,o„«.:o „ 5Mammo „^ acelate(60:SO)(wer .e^,^^ ^ 
containing the product of Interest. from five saparale injections wars combined and evaporated to 
dryness to gn-e a pure wMte sotld ,7 nt„. The strucarre o. the product was conned by 
sPdctromeuyfMS, and nuciea, magae* resonance (NMR) spe^scopyastotfcws 
HPLC retention time ■ Method A - 26.0 minutes 

APCI-MS . (M „ H) + pbsetvw at m/e 758. required fp, C40H 72 NO, 2 - 756 



'mass 
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NMR data: 

Atom number U C chemical shift, from n C NMR spectrum ! H chemical shift and multiplicity 



1 176.0 

2 45.0 2.89 1Hdq J = 9.4, 7 1 

3 80.4 4.02 1Hdd J =9.4. 1.7 

4 39.2 2.08 IHmultiplet 

5 83.8 3.59 1Hd J = 7.4 

6 75.4 

7 38.0 2.00 1Hdd J =14.7, 10.8 

ca. 1.65 1H multiplel 

8 45.0 2.71 1Hdqd J = 10.6. 6.8, 2.6 

9 ca. 220.0 

10 38.9* 2.98 1Hqd J = 6.8. 1.5 

11 > 69.4 3.73 1Hdd J = 9.9. 1.2 

12 * 38.8' 1.71 IHmultiplet 

13 78.3 5.19 1Hdd J= 10 5. 10 

14 41 7 2.15 1Hbr sextet 
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15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

r 

2* 
3* 
4' 

5' 

6' 

7\8' 

1" 
2 m 



30 4 ca 1.69 IHmultiplet 

ca. 1.21 1H multiplet 
25 4 ca. 1.63 IHmultiplet 

ca 1.52 IHmultiplet 
25 1 ca. 1.63 IHmultiplet 

ca. 1.52 IHmultiplet 
29 0 ca. 1.69 IHmultiplet 

ca 1 21 IHmultiplet 
158 M83Hd J = 7.1 

9 24 1 133Hd J = 70 

27 4 1 46 3Hs 

t8 5 1.143Hd J = 6.8 

9 5 0.99 3Hd J = 6.8 

9 16 0.86 3Hd J = 7.1 

103 2 4.43 1Hd J = 7.3 

70 9 3.24 1Hdd J = 10.3, 7.3 

654 2.51 1HdddJ = 120. 10.6.4.1 

29 0 ca. 1.68 IHmultiplet 

ca. 1.24 IHmultiplet 
68 8 3.50 IHbr sextet 

21 5 1.223Hd J = 6.1 

40 1 2.32 2x3Hs 

96 5 4.90 IHd J = 4.6 

2.36 IHd J =15.2 + small (<1 Hz) 
1 58 1H multiple! 



35.1 



72.6 

78 0 3.02 IHd J = 9.1 
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5« 65.6 4.01 1H multiplet 

6" 18.7 1 29 3Hd J = 6.3 

7" 21.4 1.24 3HS 

8 M 49.5 3.31 3H S 



# - Assignments for signal with asterisks may be interchangeable 

Example 6b - Preparation of 13-cvclODe nM^rvthromvcin B using S ervthraea NRRL 233B/PNP3Q 
An experiment similar to example 6a. using the culture S. erythraea NRRL 2338/pND30. 
5 produces the compound exemplified in example 6a. 

Example 7a - Preparation of 13-cvclobutvl-ervth romvcin B using S. ervthraea NRRL 2338/PIG1 

The culture S. ervthraea NRRL 2338/plG1 was inoculated into 50 mL tap water medium in 
3 x 300 mL Erlenmeyer flasks. After 72 hours incubation at 28°C. this flask was used to inoculate 

10 3 . 5 L of ER Y-P medium in 3 x 5 L minijars. The broth was incubated at 28°C with an aeration rate of 
2.0 Uhiin and stirring at 500 rpm. Two feeds of cyclobutane carboxylic acid (1.4 mL) were added 
after 24 hours and 48 hours and the fermentation was continued for 168 hours. After this time, the 
pH of the whole broth was adjusted to 8.5 with aqueous sodium hydroxide and then extracted with 
ethyl acetate (20 L) The ethyl acetate extract was concentrated to dryness giving the crude 

15 product as a gum (9.2 g). Aportbn(2.3g)ofthisextractwasdissolvedinethylacetate(12.5 mL) 
and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) previously 
conditioned with ethyl acetate (10 mL). The column was sequentially elirted with ethyl acetate (4 x 
24 mL); dichloromethanemethanol (9:1) (1 x 24 mL); dichloromethane:methanoI (8:2) (2 x 24 mL); 
dichloromethane:methanct!:ammonia (80:19:1) (1 x 24 mL); methanol (1 x 24 mL). Fractions 6-8 

20 were combined and evaporated to dryness. This fractionation was repeated on a remaining sample 
of gum (4.7 g). This enrichment step yielded ca. 4 1 5 mg of a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 ^m ODS column 
(21.2 mm x 25 cm) using a mobile phase of acetonitrile.0.05 M ammonium acetate (3:1 ) at 8 
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mL/mm Fractions, containing the product of interest, from five separate injections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
(im Ultrasphere ODS column ( 10 mm x 25 cm) using a mobile phase gradient of acetonitnle:0.05 M 
ammonium acetate (28:72) to acetonitrile:0.05 M ammonium acetate (50:50) over 18 minutes (flow 
rate 4 mL/min). Fractions, containing the product of interest, were combined and evaporated to 
dryness to give a pure white solid (27 mg). The structure of the product was confirmed by MS and 
NMR as follows: 

HPLC retention time - Method A - 22.3 minutes 

APCI-MS - (M + H) + observed at m/e 744, required for C39H7QNO1 2 - 744 




0—8- 



NMR data: 



Atom number 



"C chemical shift, from °CNMR 



'H chemical shift and multiplicity 



spectrum 



1 



176.3 



2 



44.5 



2.87 1Hdq J = 9.1. 7.1 



80.4 



4.03 IHd J =9.1 



4 



39.2 



2.08 1H multiset 
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5 
6 
7 



12 
13 
14 
15 



51 



83.9 359 1Hd J = 74 

75 4 

37 7 1.99 IHmultiplet 



44.5 



9 2194 

10 

11 



77.4 



164 1Hdd J = 15.0. 3.0 
2.73 1 H br doublet of pentets 

j = ca. 7.0. 3.0 



38.9 
69.1 

37 3 1 62 IHmultiplet 



2.97 1Hqd J =6.9, 1.1 
3.75 1Hdd J=10.2 + small 



5.39 1Hdd J = 9.3, 1.1 
2.60 1Hbr sextet 



37.0 

25 2 ca 1.97 IHmultiplet 

ca182 IHmultiplet 



16 


17.7 


ca1.83 2Hmultiplet 


17 


24.2 


cal.93 IHmultiplet 






ca175 IHmultiplet 


18 


15.5 


1.17 3Hd J = 7.1 


19 


9.3 


1.12 3Hd J = 7.5 


20 


27.0 


1.46 3Hs 


21 


18.0 


1.14 3Hd J = 7.1 


22 


9.1 


0.98 3Hd J = 69 


23 


9.3 


0.81 3Hd J = 7.1 


r 


103.4 


4.43 1Hd J = 7.3 


2' 


70.9 


3 27 1Hdd J =10.3, 7.3 


3' 


65.2 


2.64 IHmultiplet 



SUBSTITUTE SHEET (RULE 26) 



WO 98/01571 



PCT/CB97/01810 



52 



5' 
6' 
7\8' 
1" 
T 

3° 

4" 

5" 

6" 

7" 

8" 



29.1 

68.7 
21.0 
40.0 
96.6 
34.7 

72.5 

77 8 

65.3 

18.2 

21.2 

49.1 



cal.72 IHmultipiet 
cal.22 IHmultipiet 

3.52 1Hbr sextet J = ca. 6.1 

1 23 3Hd J =6.1 

2.38 2x3Hs 

4.89 IHd J = 4.5 

2.38 IHmultipiet 

157 iHddJ = 15.0. 5.0 

3.02 IHd J = 9.2 
4.02 IHmultipiet 
1.29 3Hd J = 6.2 
1 24 3Hs 
3.31 3Hs 



An experiment similar to example 7a. using the culture S. erythraea NRRL 2338/ P NO30. 
produces the compound exemplified in example 7a. 



thraea NRRi ^"3W f , 

The cultures, erythraea NRRL233e/ P .Gt was inoculated into 50 mL tap water medium in a 
300 ml Enenmeyer flasx After 72 hours incubation at 28<C. this flasx was used to inoculate 3.5 L 
of ER Y-P medium in a 5 L minijar. The broth was incubated at 28<C with an aeration rate of 1 75 
L/min. 3-Furoic ac* (, 4 g in 6 mL methanol) was added filter stenlised after 24 hours and the 
fermentation was continued for ,38 hours After this tune, the pH of the whole broth was ad,usted 
to 8.5 wth aqueous sod,um hydroxide and then extracted w,th ethyl acetate (,0 L) The ethyl 
acetate extract was concentrated to dryness g.ving the crude product as a gum (3.8 g, A port,on 
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of this extract ( 1 . 9 g) was dissolved in ethyl acetate ( 1 0 ml) and added to a prepacked silica gel 
cartndge ( 10 g: International Sorbent Technology) previously conditioned with ethyt acetate (10 
mL). The column was sequentially eluted with ethyl acetate (4 x 24 mL); 
dichloromethaneimethanol (9:1) (1 x 24mL); d.chloromethane.methanol (8:2) (2 x 24 mL): 
dichtoromethane melhanocammonia (80:19:1) 0 x 36 mL): methanol (1 x24mL). Fract«ons8 and 
9 were com bined and evaporated to dryness. This fractionation was repeated on the remaining 
l.ggofgum. This enrichment step yielded a solid conta.ning the desired product. Thiswas 
further purified by preparative reversed-phase HPLC using aZorbax 7 ,»m ODS column (21.2 mm x 
25cm) using a mobile phase of acetonitrile:0.05 M ammonium acetate (3:1) at 8 mL/min. Fractions, 
containing the product of interest, from three separate inject.ons were combmed and evaporated 
to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 M m Ultrasphere 
ODS column (1 0 mm x 25 cm) using a mobile phase gradient of acetonitri.e:0.05 M ammonium 
acetate (28:72) to acetonrtrile:0.05 M ammonium acetate (50:50) over 1 8 minutes (flow rate 4 
mUmin). Fractions, containing the product of interest, from three separate injections were 
combined and evaporated to dryness to give pure l3-(3-furanyl)-erythromycin B as a white solid (9 
mg) The structure of the product was confirmed by mass spectrometry. 
HPLC retention time - Method A - 1 7.0 minutes 

APCI-MS - (M + H) + observed at m/e 756. required for C 3 gH 6 6NOi 3 - 756 
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Nmrdata 

Atom number 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 
1 1 

12 
13 




Approximate ,3 C chemical 
shift, from 'H - "C correlation 
data 
174.7 

44.4 

80.3 

39.5 

83.9 

75.0 

37.8 

44.6 
219.7 
39.2 
69.5 
41 4 
69.2 



'H chemical shift and multiplicity 



2.93 1Hdq J = 8. 1,7.0 
4.14 1Hd J=8.1 
2.18 1Hm J = 7.0. 7.2 
3.61 1Hd J = 7.2 

2.07 IHdd J = 14 6. 11.3 

170 1H dd J = 14.6, not resolved 

2.78 IHbrm J = 11.3, 7.0, 2.2 

3.05 1Hdq J = 6.9, not resolved 

3.95 1H dd J = 10.0. not resolved 

1.88 1Hdq J = 10.0. 7 0 

6.47 1H complex m 
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1383 7.31 1H complex m J= 0.7. 1.8 
124.3 

10 e.6 6.31 1H complex m. J = 1.8. 0.7 

142 .8 7.39 iHt J = 1.8 

15 5 1.21 3Hd J = 7.0 • 

8 7 1.16 3Hd J = 7.0 

27.0 3Hs 

18 3 1.18 3Hd J = 7.0 

8 4 1.03 3Hd J =6.9 

9 7 0.88 3Hd J = 7 0 
103 3 4.46 1Hd J = 7 4 

71 t 3.29 1Hm 

65 1 2.60 1H broad m 

293 178 1Hm 

1.24 1Hm 

68.8 3.54 1Hm 

20.7 1-24 3H d (obscured) 

40.0 2.39 2x3Hs 

96 6 4.88 1Hbrd J =4.9 

35 2 239 1Hm 

1.59 1Hdd J =15.0. 4.9 

71.7 

7 7 8 3.03 1 H d (obscured) 

66 ! 4.03 1Hdq J = 9.0, 6.1 

18 3 1 30 3Hd J=6 1 

21 2 1 . 26 3H s 

49 1 3 33 3H s 
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■ Assignments indicated with an asterisk maybe reversed 



Example 9b - Preparation of 13-(3-furanyl)-ervthromvcin B using S ervthrapa nrrl 2Mfl/hNnq n 
An experiment similar to example 8a. using the culture S. erythraea NRRL.2338/pND30, 
produces the compound exemplified in example 8a. 

Example 9a - Preparation Of t3-cvclonroDVl-ervthrQm v cin B usinn S ervthrana MpRL 233fl/ntr;i 

The culture S. erythraea NRRL 2338/plGl was inoculated into 50 mL tap water medium in a 
300 mL Erfenmeyer flask. After 72 hours incubation at 28<C. this tlask was used to inoculate 3.5 L 
of ER Y-P medium. Thiostreptone ( 1 05 mg) was added immediately after sterilisation The broth 
was incubated at 28<C with an aeration rale of 2 L/min and stirring at 500 rpm Cyclopropane 
carboxylic acid (1.2 mL) was added after 24 hours and the fermentation was continued for 144 
hours. After this time, the whole broth was adjusted to pH 8 5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (3 L) The ethyl acetate extract was concentrated to dryness 
giving the crude product as a gum (1 7 g). This extract (0.85 g) was dissolved in ethyl acetate (10 
mL) and added to a prepacked silica gel cartridge (10 g; International Sorbent Technology) 
previously conditioned with ethyl acetate (20 mL). The column was sequentially eluted with ethyl 
acetate (4 x 24 mL); dichloromethanemethanol (9.1) (1 x 24 mL); dichloro-methane:methanol (8:2) 
(1 x 24 mL); dlchloromethane:me1hanol:ammonia (80:19.1 ) (3 x 24 mL); methanol (1 x 24 mL). 
Fractions 6-9 were combined and evaporated to dryness This fractionation was repeated on the 
remaining 0.85 g of gum. This enrichment step yielded a solid containing the desired product. 
This was further purified by preparative reversed-phase HPLC using a Zorbax 7 urn OOS column 
(21 .2 mm x 25cm) using a mobile phase of acetonitrile:0.05 M ammonium acetate (3 1) at 8 
mL/min Fractions, containing the product of interest, from 4 separate in,ections were combined 
and evaporated to dryness before repeat preparative reversed-phase HPLC using a Beckman 5 
Mm Ultrasphere OOS column (10 mm x 25cm) using a mobile phase gradient of aceton.tr.le:0.05 M 
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ammonium acetate (28.72) to aceton,trile:0.05 M ammon.um acetate (50:50) over 18 m.nutes (flow 
rate 4 mUm.n). Fractions, containing the product of interest, from three separate in,ections were 
combined and evaporated to dryness to give pure. 13-cyclopropyl-erythromycin B as a whrte solid 
(9 mg). The structure of the product was confirmed by mass spectrometry. 

HPLC retention time - Method A - 17.9 minutes 

APCI-MS - (M + H) + observed at m/e 730. required for C38H68NO1 2 • 730 




7- o- 



NMRdata: 

Atom number Approximate ,3 C chemical shift, from 
'H - °C correlation data 
176.4 
44.8 
80.3 
• 39.5 
83.7 
75.2 
38.0 



'H chemical shift and multiplicity 



1 

2 
3 
4 
5 
6 
7 



2.88 1Hdq J = 8.5. 7.1 

4.04 iHdd J = 8.5. 19 

2.11 iHbrpentet J = ca7 

3.58 1Hd J=7.5 

2.02 IHdd J= 14 7. 10 9 
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8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

V 

2' 

3' 

4' 

5 1 
6' 

7\8' 

r 



45 1 
220.0 
39.0 
69.8 
40.4 
78.5 
13.2 
4.1 

2.7 

15.1 
93 
27.4 
18.3 
9.3 
9.3 
103.3 
71.0 
65.6 
29.0 

69.2 
20.9 
39.9 
97.1 



1.66 1H dd J = 14.7.2.8 
2.74 IHdqd J =10 9. 7.1.2.8 

3.01 iHmultiplet 

3.76 IHdd Js 10.0, ca 1.4 

1.84 IHdqd J =10.0. 6.9, 1.2 

4.68 IHdd J =9.2. 1.2 

109 IHmultiplet 

0.51 iHmuftiplet 

0.42 IHmultiplet 

0.51 IHmultiplet 

0.29 IHmultiplet 

119 3Hd J = 7.1 

1.14 3Hd J = ca7.1 

1 46 3Hs 

116 3Hd J = 7.1 

1001 3Hd J = ca7.2' 

0.998 3H d J sea 6.9* 

4.43 1Hd J = 7.2 

3 25 1Hdd J= 10.3. 7.2 

2.S4 IHbrddd J = ca 12.5. 10.3.4 

1.69 IHmultiplet 

1.25 IHmultiplet 

3.51 iHbrdq J = ca1l.6 

1 22 3Hd J = 6 2 

2.33 2x3Hs 

4 87 1H brd J=ca5 
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2" 



35 o 2.37 1Hbrd J = ca. 15 

1 57 1Hdd J = 15.1. 5.0 



3" 72.5 
4" 



5" 
6" 
7" 

8" 49.3 



78 j 3.01 1Hbrd J = 9.2 

gg 0 4.02 1Hdq J = 9.2. 6.2 



183 1.28 3Hd J = ca6.2 

2i.o 124 3Hs 



3.32 3HS 



Assignments indicated wrth an asterisk maybe reversed 



Fxamote 9b - Preparation of 1 3-cvcl fWOPV f -ervth rpmyan B ..sing $ gryttirfflffl NRRL 2338/ P ND30 

An experiment similar 1o example 9a. using the culture S. erythraea NRRL 2338/0ND3O. 
produces the compound exemplified in example 9a 

Fxamole 10a - Pr^naratinn ni ia. ( i-mAthvtth. 0 - e thvlVervtrirpmYCin Busing 3 erythraea NRRL 
23397PK31 

The culture S. erythraea NRRL 2338/plGI was inoculated into 1 L tap water medium in a 
2.8 L Fernbach flask. Thiostreptone (50 mg) was added immediately after inoculation. After 84 
hours incubation at 29«C. this flask was used to inoculate 8 L of supplemented ERY-P medium (50 
g/L Dextrose. 30 g/L Nutrisoy flour. 3 g/L ammonium sulfate. 5 g/L NaCI. 6 g/L CaCO,. 10 g/L 
sucrose. 5 g/L corn steep solids. 0.5 g/L MgSO, and 1 mL/L of P2000) in a 14 L fer mentor jar. The 
broth was incubated at 28«C wrth an aeration rate of 8Umin. stirring at 800 rpm and with pH 
maintained between 6.9 and 7.3 with NaOH or H,S0 4 (15%). Methytthiolactic acid (3.2 mL) was 
added after 24 and 48 hours. Additional methylthiolacflc acd (1 6 mL) was added after 120 hours. 
The fermentation was continued for 1 42 hours. After thrs time, the whole broth was centrifuged to 
yield centrate (34 L) which was loaded onto a XAD-16 res.n column (600 mL Rohm and Haas). The 
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resin column was then washed with water (1.8 L) and eluted wrth ethyl acetate (2.5 L) The ethyl 
acetate was partially concentrated (to 250 mL) and then the product of .nterest was extracted into 
1 00 mM sodium phosphate buffer. pH 3.5(1.3 L). The product was transferred back ,nto ethyl 
acetate by adjusting the water to pH 9 with sodium hydroxide and then mixing wrth ethyl acetate 
(450 mL). The erythromycin rich ethyl acetate layer was separated, evaporated to a gum (5.0 g, 
and then resuspended into 20% methanol (120 mL) which was loaded onto a CG- 1 61 resin 
column (100 mL; Toso Haas). The resin column was sequent,afi y eluted with 20% methanol (3 x 
100 mL). 40% methanol (3 x 100 mL>. 60% methanol (3 x 100 mL). 80% methanol (3 x 100 mL) 
and neat methanol (4 x 100 mL). The neat methanol fractions 2 and 3. containing the product of 
.merest, were evaporated to a solid (220 mg, and further purified over a reversed-phase 10 M m 
Kromasi.Cl8 HPLC column (75 mm x 25 cm), using a mobile phase of acetonrtr.le:0.05 M 
ammon.um acetate with 0. 1% trif.uoroacetic acid gradient (32:68, to (38:62, over 60 minutes at a 
flow rate of 215 mL/min. Fractions contaming the product of interest were combined (1.7 L). 
adjusted to P H 9 with sodium hydroxide and extracted into methylene chlonde (300 mL>. The 
methylene chloride layer was separated and evaporated to dryness to yield partially pure product. 
The preparative HPLC step and extraction step was repeated to obtain pure 13-(1 -methylthio- 
elhyO-erythromycin B (31 mg,. The structure of the product was conf,rmed by MS and NMR 
spectroscopy (Bruker DMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 14.9 minutes 

APCI-MS - (M+H) + observed at m/e 764. required for CaeH/oNd 2 S - 764 
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NMRdata: 



Atom* 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 



»C(ppm) 
221.08 
176.10 
103.42 
96.93 
84.31 
80.69 
78.30 
76.17 
75.75 
73.11 
71.23 
69 84 
69.03 
66.18 



# Attached 'H 
0 
0 



'H(ppm) 



0 
0 
1 
1 

1 

1 



4.49 
4.94 
3.63 
4.06 
3.07 
5.42 



3.32 
3.77 
3.56 
4 06 
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15 65.99 , 2.68 

16 49.91 3 3.36 

17 45 6 2 1 2.74 

18 45.26 1 2.96 



19 



40.61 3 2.46 



20 40.01 

21 39.60 



28 21.89 



36 9.70 

37 • 9.62 



1 2.83 
1 2.14 



22 38.94 , 3 Q4 

23 38 44 2 2.03/1.70 

24 3768 



1 2.44 



25 3547 2 2.41/1.63 

26 29.66 2 1.79/1.32 

27 27.70 3 1.51 



3 1 29 



29 21.77 3 1 28 

30 19.08 3 1.33 

31 1 "2 3 1.20 

32 ^.19 3 133 

33 16.29 3 ,.23 

34 11 11 3 2.12 

35 10.16 3 1.07 



3 1.17 
3 0.90 



ftwpf iflfa - Pr P p flratjQn of i.-wi ■m < ^tth M ^i^ TTrh B usinn § mr fUmm , fPP , 

2338/pNfp .ift 
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An experiment similar to example 10a, using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 10a. 

Fxamole 1 1 = Preparation of 13-cyclobutvl-ery thromvcin B using S, erythraea NRRL 2338 
5 The culture S. erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 

mL Erlenmeyer flask. After 48 hours incubation at 28<C. this flask was used to inoculate 50 mL of 
ER Y-P medium in a 300 mL Erlenmeyer flask. The broth was incubated at 28*0. Cyclobutane 
carboxylicacid(20 mL) was added after 24 hours and the fermentation was continued for 168 
hours. After this time, the whole broth was. adjusted to pH 8.5 with aqueous sodium hydroxide and 
I o then extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 
dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis. This confirmed 
the production of 13-cyclobutyl-erythromycin B, by the untransformed. non-recombinant NRRL 
2338 as described in example 7 for the genetically-engineered strain containing the avr loading 

module (NRRL2338/plGl construct) 
1 5 HPLC retention time - Method A - 22.3 minutes 

APCI-MS-(M + H) + observed at m/e 744, required for C39H70NO1 2 - 744 

Example 12 : Preparation of 13-cvcl Q pmnvl-ervthromvcin B using S, erythraea NRRL 2338 

The culture S erythraea NRRL 2338 was inoculated into 50 mL tap water medium in a 300 

20 mL Erlenmeyer flask. After 48 hours incubation at 28<C. this flask was used to inoculate 50 mL of 
ERY-P medium in a 300 mL Erlenmeyer flask. The broth was incubated at 2e°C. Cyclopropane 
carboxylic acid (20 mL) was added after 24 hours and the fermentation was continued for 168 
hours. After this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and 
then extracted with ethyl acetate (50 mL). The ethyl acetate was separated and concentrated to 

25 dryness. The sample was redissolved in methanol (1 mL) for HPLC-MS analysis 
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5 



This confirmed the production of l3*yc.opropy<-erythromycin B. by ,he untransformed 

containing the avr loading module (NRRL 2338/plG1 construct) 
HPLC retention time - Method A - 1 7.9 minutes 

APCI-MS -(M + H) + observed at m/e 730. reaped for CaeHeeNOt 2 - 730 



I Ai 



time, the 
with 
as a 



The culture S. erythraea NRRL 2338/p.G, was moculated into 50 mL tap water medium 
3 x 300mL Er.enmeyer flasKs After 72 hours .ncubafon at 28^. each flask was used to inoculate 
0 3.5 L of ERV-P med.um in 3 x 5 L mmijars. The broth was -ncubated a, 28^ with an aerafon rateof 
2.0 Umin and stirnng a. 500 rpm. Two feeds of cyclobutane carboxyl.c acid (1.4 mL) wereadded 
after 24 hours and 48 hours and the fermentation was cont.nued for 1 68 hours After this 
PH of the who.e broth was edited ,o 8.5 with aqueous sod.um hydroxide and then extracted 
ethy, ace,a,e (20 L). The ethyl extract was concentrated to dryness giving the crude product 
Gum (9.2g) A port™ (2.3 g,of th.s extract (2.3g) was d.ssolved in ethyl acetate (12.5 mL) and 
added to a prepacked silicagel cartage (tOg; .nternationa, Sorben, Technology, prewously 
conditioned with ethy, acetate (10 mL,. The column was sequent,** eluted with ethy, acetate (4 x 
24 mL); dichtoromethane methano, (9:1, (1 x 24 mL); dichloromethane methanol (8.2) (2 x 24 mL) 
dich to romethane:mema TO l:ammonia(80.l9^ x 24 mL,; methane. (1 x 24 mL). Fractions6-8 
were combined and evaporated ,o dryness. This fractionation was repeated on the remaining 4.7g 
of gum. This ennchment step yie.ded 415 mg of a solid containing the desired product. This 
further purified by preparative reversed-phase HPLC us,ng a Zorbax 7, tm CDS column (21.2 
25cm, using a mobile phaseof acetonitri,e:0.05 M ammonium ace,ate(3.1, at8 mL/min Fractions. 
conta,ning the product of interest, from 5 separate .njecfons were combined and evaporated to 
d ^ b *»erepeat^ 

column ( 10 mm x 25 cm, us,ng a mob,e phase grad.en, o. aceton rt n.e:0.0S M ammon,um acetate 
(28 72, to ace«on„n te :0 05 M ammon,um acetate (50.50, over , 8 m.nutes (flow rate 4 mL*™, 



was 
mm x 
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Fractions, containing the product of interest, were combined and evaporated to dryness to give a 
pure white solid (4 mg). The structure of the product was confirmed by MS and NMR spectroscopy 
as follows: 

HPLC retention time - Method A - 17.5 minutes 
5 APCI-MS - (M + H)' observed at m/e 760. required for C^NQo - 760 






Nmrdata: 

Atom number Approximate ,3 C chemical shift, from 'H - °C 

correlation data 

1 176.1 

2 44.7 

3 79.8 

4 393 

5 83.4 

6 75.4 

7 38 3 



'H chemical shift and multiplicity 



2.88 IHmuttiplet 

3.99 IHmuttiplet 

1.97 IHmuttiplet 

3.57 1Hd J = 7 6 

1.92 IHmultiptet 

172 IHmuttiplet 
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45.1 
222.5 
37 4 
69.1 
76.1 
77.1 
34.8 
26.7 

18.8 

24.8 
15.8 



18.1 
103.0 
71.0 
65.3 
28.7 



69.2 



963 
34.7 

73.0 



2.70 IHmuttiplet 

3.07 1Hbrqj = 7.o 
3.77 1Hbrs 

5.10 1Hd J = 7.1 
2.86 IHmuttiplet 
198 IHmultiplet 
1.80 IHmuftiplet 

188 IHmuftiplet 
1.71 IHmuftiplet 

189 2H multiplet 
1.19 3Hd J = 7.0 



26 9 1.47 3Hs 



1.16 3Hd J = 7.0 
4.42 1Hd J = 7.2 
3.24 iHdq J = 10.4, 7.2 
2.51 IHmuttiplet 
1.68 IHmuttiplet 
1.26 IHmultiplet 
3.49 IHmuftiplet 
21 3 1 23 3Hd J = 62 

49 0 2.38 2x3Hs 



4.89 IHd J =4.5 

2.38 IHmuttiplet 

1 57 IHdd J= 15.0. 5 0 
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4 .. 78.0 3.02 1Hd J = 9.4 

g.. 65.6 400 1H multiple! 

6 » 18 4 1.29 3Hd J = 6.2 

7 « 21.3 124 3Hs 

g» 49 4 3.32 3Hs 

Example 13b • Preparation of t3-rvdobutvl -gry»rirnmvcin A usino S. erythraea NRRU 2338/pN03Q 
An experiment similar to example 13a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 13a. 

Example 14a - Preparation of 1 3.rvrlopron y i-prvihmmvcin A using S. erythraea , NRRL 2338/fc>IG1 
Six 2800 mL Fernbach llasks were inoculated with S. erythraea NRRL 2338/plGl . Each 
flask contained 1 L of tap water medium with 50 mg of thiostreptone added to each flask. After 24 
hours of incubation at 28°C. 200 ppm ol cyclopropane carboxylic acid was added to each flask. 
The flasks were incubated for 90 hours and composited into a sterile, 8 L aspirator bottle. The 
aspirator bottle was used to inoculale 314 gallons of ERY-P medium in a 500 gallon pilot vessel. 
The broth was incubated, run at 27°C to 29 6 C. at a pH ranging from 6.7 to 7.4. with an aeration rate 
of 20 standard cubic teet/min and stirring at 1 75 rpm. Cyclopropane carboxylic acid (200 mg/L) was 
added after 33 hours. 81 hours and 1 1 7 hours The fermentation was continued for 198 hours. 
After this time, the whole broth was filtered over a 0.2 pm. ceramic filter (30 ft*. U.S. Filter). The 
filtrate was loaded onto an XAD-16 resin column ( 12 L; Rohm and Haas). The resin column was 
then eluted with ethyl acetate (60 L). The ethyl acetate was concentrated to a gum (302 g) to 
which 2 L of methylene chloride was added The resulting methylene chloride solution was 
wasned with 8 L of 250 mM sodium bicarbonate buffer. pH 9. The erythromycin rich methylene 
chloride layer was separated, evaporated to a gum (200 g). and then resuspended into 40% 
methanol (10 L) which was loaded onto a CG-1 61 resin column (9 L. TosoHaas). The resin column 
was washed with 40% methanol (30 L) and sequentially eluted with 75% methanol (8 x 10 L) and 
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nea. methanol (3 x 10 L). The 75% methanol fract,ons 5 through 8. containing the product of 
interest, were combed, and evaporated to 3.2 L The concentrate was adjusted to pH 9 and 
added to 0.95 L of methylene chloride. The methylene chloride layer was separated and 
evaporated to yield 12 4 g of a gum. Part of the gum (six grams, was further punfied by preparative 

Phase of methanol.-0.05 M ammonium acetate with 0. 1 % trif.uoroace„c acid isocarafc (50:50) at a 
flow rate of 215 mUmin Fractions containing the product of interest were combined (230mL). 
evaporated to a concentrate (110 readjusted to pH 9 wrth sodium hydroxide, and extracted into 
methylene chloride (SO mL). The methylene ch,oride layer was separated and evaporated to " 
dryness to yield 630 mg of partially pure product. Another port,on of the gum (one gram, was 
further purified by preparative reversed-phase HPLC us,ng a MetaChem .nertsi, 10 M m C8 column 
(50 mmx25cm, US ingamoMe phase of acetonitri.e:0.05Mammon,um acetate with 0.1% 
trifluoroacetic acid gradient (20:80, to (25.75) over 50 minutes at a flow rate of 125miy m in 
Fractions. containing the compound of interest (28-46 minutes,, were comb,ned. saturated with 
sodium bicarbonate and extracted with methy.ene chloride The methylene chloride was 
separated and evaporated to dryness to yield 361 mg of partially pure product. A port™ of these 
P^ally pure materialswas further purified by reversed-phaseHPLC as exemplified by 
Phenomenex Prodigy to „m C18 column (50 x 250 mm, using a mob„e phase of methanol:0.05 M 
ammonium acetate with o. 1 % trif luroacetic acto isocratic (50.50, at a f tow rate ol 100 mL/min. 
Fractions, containing the product of interest (27-31 minutes,, were combined, saturated with 
sodium bicarbonate, and extracted with methylene chtoride The methylene chloride was 
separated and evaporated to dryness to yield partly pure product Materia, was further purified by 
preparative reversed-phase HPLC using a Phenomenex Prodigy ,0 ,m Cl8 column (50mm x25 
cm, using a mobile phase of methano.:0.05 M ammomum acetate with 0. 1 % trifluroacetic acid 
isocratic (48:52) a. aftowrateof lOOmUmin. Fractions contain,ng the product of .merest (41-45 
minutes) were combined, saturated with sodium bicarbonate, and extracted with methylene 
ch.or.de. The methytene chloride was separated and evaporated .o dryness to yield 13- 
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cyclopropyl-erythromyan A as a solid (20 mg) The structure ot the product was confirmed by MS 

and NMR spectroscopy (Bruker DMX 500 MHz spectrometer) as follows: 
HPLC retention time - Method B - 5.6 minutes 
APCI-MS - (M+H)* observed at m/e 746. required for Ca.H.NOo - 746 




NMR data: 



Atom* 
1 
2 
3 
4 
5 
6 
7 
8 
9 



°C(ppm) 
222.41 
175.88 
103.63 
96 75 
83.92 
80.25 
78.52 
78 42 
75.99 



n Attached 'H 
0 
0 



'H(ppm) 



4.45 
4.92 
3.60 
4.02 
4 74 
3.05 
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10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 



75.49 

73.05 

71.31 

69.46 

69.39 

66.02 

65.95 

49.93 

45 47 

45.23 

40.70 

40.00 

38.94 

38.46 

35.38 

29.07 

27.36 

21.94 

21.84 

19.08 

18.69 

17.38 

16.11 

12.38 

10.64 

9 60 

4 23 



0 
0 



3 
1 
1 
1 

1 
2 
1 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

1 

3 
2 



3.27 
3.84 
3.52 
4.04 
2 49 
3.36 
2.74 
2.89 
2.34 
2.02 
196/1 76 

3.15 
2.41/1.61 
171/1.28 
150 
1.28 
1.26 
1.32 
1.21 
1.31 
1.21 
1.20 
1.20 
1 16 
0.67/1.33 
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37 1 64 2 0.47/0.32 



fxample 14b • Preparation of 1.VrvcloDroD y|-piyrt"°"™cin A using S. erythraea , NRRL 
P338/DND30 

An experiment similar to example 14a. using the culture S erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 14a. 

Fxamole 15a - Proration of 13- ^.thinrwH-nrvthromyrin B using S prythraea NRRL 2338/pigi 

The culture S. erythraea NRRL 2338/plG1 was inoculated into 50 mL tap water medium in a 
300 mL Erlenmeyer flask. After 48 hours incubation at 28°C. 5 mL of this inoculum was used to 
inoculate 50 mL of ERY-P mediun in a 300 mL Erlemneyer flask. The broth was incubated at 28°C. 
The N-acetyl cysteamine thioester of 3-thiophene carboxylic acid (20mg in 0.5 mL of methanol) 
was added filter sterilised after 24 hours and the fermentation was continued for 168 hours. After 
this time, the whole broth was adjusted to pH 8.5 with aqueous sodium hydroxide and then 
extracted with ethyl acetate (50 mL) The ethyl acetate was separated and concentrated to 
dryness. The sample was redissolved in methanol (1 mL) for HPLC- MS analysis. This confirmed 
the production of 13-{3-thienyl)-erythromycin B. 

HPLC retention time - Method A - 20.0 minutes 

APCI-MS - (M + H)* observed at m/e 772, required for CMbNOoS - 772 

Fxamole 15b - Preparation of 1 3 - rt-ih.Pmm-efVthromvcin B USinq S erythraea NRRl 2339/pND3Q 

An experiment similar to example 15a. using the culture S. erythraea NRRL 2338/pND30. 
produces the compound exemplified in example 15a. 

FxamnlR 16 • Preparation of 6-dpn X v-13-cvclop ronv l ^h romVCtn B using 9 ehrlhraea NRRL 
18643 
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The culture S. ervlhraea NRRL 18643. an ervFmutan, of S. erythraea (Science. 252 1 ,4 
5 Apri. 1991, was inoculated into 1 L tap water medium in a 2.8 L Fernbach flask. Cyctopropane 
^«**<*00mL,w^^ After 
three (3, days total incubation, one flask was used to inocufate 8 L of supplemented ERY-p 
5 medium (60 g/L cereiose. 30 g/L Nutrisoy fiour. 3 g/L (NH^o.. 5 g/L MaC. 6 g/L corn steep 
so.ids.0.5g/LMgSO < .and1mU.P2000,inl4Lfermentoriar, The broth was .ncubated at 28*0 
w«h an aeration rate of 8 Umin. siirnng at 800 rpm and with pH maintained between 6.9 and 7 3 
with NaOHor H? S0 4 (l5r o) .Cyc.opropanecarboxy.icacid(l.6mL, was added after 24 and 48 
hours. The fermentation, done in dupticate. was harvested after , 63 hours tola, incubation t,me 
-o The pH of the who.e broth was adjusted to 9 with sodium hydrox.de. and the broth was extracted 
with ethyl acetate (16L). The ethyl acetate was concentrated to an oii in a 20 L Buch, 
^evaporation unit. The «. was dissolved with 500 mL of methylene chloride. Five hundred 
mL of water was added to this .iqu.d, and the pH of the aqueous phase was adjusted to 9 with 1 0% 
ammonium hydrox.de. After shaking vigorously, the methylene cNoride layer was collected, and 
■5 evaporatedinal L rotoevaporat^n flask to yield , 1.0 got oily residue: This materia, was dissolved 
with 250 mL of a 4:6 methanols so«ution, and toaded onto an 80 mL CG-l 61 resn column 
(Toso Haas, The column was washed with 350 mL of 4:6 methanol.water solution. The column 
was then briefly washed at 8 mL/m.n with a 7:3 methanol.water solution, until coloured impurities 
began to elule from the column (approximately 2 bed volumes wash,. At this time, a 1 hour 
20 gradient run was .nitiated. with me concentration of methanol changing from 70% to 100%. over a 
1 hour period, at a flow of 8 mUmin. The fraction contaming the product of interest was evaporated 
to dryness and further puntied on a reversed-phase 1 0 ,m Kromasi. C18 HPLC cofumn (50 mm x 
25 cm,, using a mobife phase of acetonitri«e:buffer consisting of 0.01 M ammonium acetate. 0.02% 
tr«.uoroaceticac.d. and 26% acefoniMe (5.95, for 50 m.nutes at a flow rate of t20mLAnin Th.s 

25 w a S fol to wedbya.,neargradien«from(5.95)«o(3367,over,henex,40minules. Fractions 
containing the product of interest were comb.ned (530 mL,. adjusted to a pH of 9 with 10% 
ammon.um hydroxy, and extracted ,n,o methylene chlor.de (400 mL,. Tbe methylene chtor.de 
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layer was separated and evaporated to dryness to yield purified 6-deoxy-l3-cyclopropyl- 
erythromycin B (12 mg). The structure ot the product was confirmed by MS. 
HPLC retention time - method B - 21.4 minutes 

APCI mass spectroscopy - (M+H)' observed at m/e 71 4, required for Ca^NO* - 71 4 

5 

p n amnlft 17 - Preparation of 6-deoxv-l ^nrnnm-flrvthromvcin B using $ erythrzea NRRL 19543 

S. erythraea NRRL 18643 was inoculated from a three day patch on _YPD agar (0.5% Difco 

yeast extract. 0.5% Difco Bacto peptone. 0.25% dextrose. 0.5% MOPS. 1 .7% Oifco Basto agar. 

pH adjusted to 7.0) into 25 mL of _YPD broth (0.5% Difco yeast extract, 0.5% Difco Bacto 
I o peptone. 0.25% dextrose. 0.5% MOPS. pH adjusted to 7 0) in a 250 mL Erlenmeyer flask. The 

flask was incubated at 225 rpm. 29«C. for 48 hours. 2.5 mL were inoculated into 25 mL ERY-P 

medium (5% dextrose. 3% Nutrisoy flour, 0.3% (NH 4 ),S0 4 . 0.5% NaCI. 0.6% CaCO,. pH adjusted 

to 7.0) and incubated at 225 rpm. 29°C. for atotal of 6 days Butyric acid was added to the flask at 

24. 72 and 120 hours (400 ppm. 400 ppm, 200 ppm. respectively). Whole broth pH was then 
15 adjusted to 9.1 using 1N NaOH. The sample was extracted twice with an equal volume of ethyl 

acetate. Ethyl acetate phases were concentrated to dryness under nitrogen (50°C water bath). 

then resuspended in 1.0 mL methanol for HPLC-MS analysis. This confirmed the production of 6- 

deoxy- 1 3-propyl-erythromycin B. 

HPLC retention time - Method C - 23.5 minutes 
20 APCI-MS-(M+H)' observed at m/e 716. required for CH^NO,, - 716 

Fxflpn plft 1A - Evaluati on ml Antibacterial Activity 

An in vitro antibacterial assay was performed in microtiter and interpreted according to 
Pori ^manrA Standards fnr Antimicrobial D i sk S u sceptibil ity Tegs - Sixth Fdifion; Approved 
25 Standard , published by The National Committee for Clinical Laboratory Standards (NCCLS) 

guidelines. Minimum inhibitory concentrations (MICs) were obtained versus various bacteria For 
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example. Staphylococcus aureus 80CR5 (macro,ide suscept lble strain, afforded vatues generaHy 
ranging from s 0. 1 to 1 56 ng/mL 
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Claims 

1 a compound of the formula 1 



N(CH3) 2 




R 8 = H or 




R 10 =OH or 




HjC OR i3 



and to pharmaceutical^ acceptable salts thereof, wherein 
5 R , is an alpha-branched C,-C. alkyl. alkenyl. alkynyl. alkoxyaikyl or alkylthioalkyl group any of 

which may optionally be substituted by one or more hydroxyl groups, a C S C. cycloalkylalkyl group 
wherein the alkyl group is an alpha-branched C : -C s alkyl group; a C,-C. cycloalkyl or r^-C, 
cycloalkenyl group, either of which may optionally be substituted by methyl or one or more 
hydroxyl or one or more C.-C , alky, groups or halo atoms, or a 3 to 6 membered oxygen or sulphur 
,« containing heterocycl* ring wh.ch may be saturated, or fully or partially unsaturated and which may 

optionally be substituted by one or more C,-C«alkyl groups or halo atoms; 

or R, is phenyl which may be optionally substituted with at least one substituent selected from C,- 

C.alkyl. CCalkoxyandC-Calkylth.o groups, halogen atoms, hydroxyl groups, trifluoromethyl. 

and cyano; or R , may be with a formula (3) as shown below: 



(CH 2 ) aXv ^.(CH 2 ) c 



\ 

> 

/ 
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«f,« e ,nx, s O.Sor.CH,..a.b.c.an a0a re ea ch i n a epe na en« y0 .2an<.a. 1) .c*d<5. 

R,isHor OH; R..R, „«, , Mependen „ v „ ^ „ ^ ^ H ^ ^ ^ ^ ^ ^ 

«. 0, CH,CH,. R. is H 0, desosan,™; R, is H. CH,. o, CHCH, R. , s OH. ^ „. , s H) „ 



defined compounds modified by replacing one 
2. A compound of the formula g: 



or more-CHOHor-CHOR groups by a keto group 



N(CH 3 ) 2 




H 3 C ORi 3 



and to pharmaceutically acceptable saltsthereof. wherein. 

R. is K C.-C. alkyf. Ci -C a alkenyt. C,-C, alkynyl. alkoxyalkyl or alkylthioalkyl conta,ning from 1 
•oecarbon atoms in each alkyl or alkoxy group wherein any of said alkyl, alkoxy. alkenyl or a.kynyl 
groups may be substituted by one or more hydroxy, groups or by one or more hato atoms: or a C, 
C. cycfoalky) or C.C, cycloalkenyl either of which may be optionally subsfituted by methyl or one or 
•noreC.C. alky, groups or halo atoms; or a 3 to 6 membered oxygen or sulphur containing 
heterocyclic ring which may be saturated or fully or partially unsaturated and wh,ch may opt.ona.ly 
be subsfituted by one or more C.-C, alky, groups or ha.o atoms, or a groupof the formula SR H 
where,n R <4 « C ,^a.ky.. C ? -C.aUcenyl. C ?A alkynyl. Cj A cycloa.kyl. cycloalkenyl. phenyl or 
subsfituted phenyl where-n the subsmuen, ,s C,C,a.Kyl. C.-C, alkoxy or halo or a 3 to 6 membered 
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oxygen or sulphur-containing heterocyclic ring which may be saturated, or fully or partially 
unsaturated and which may optionally be substituted by one or more ftC, alky! groups or halo 
atoms 

R ? is Hor OH; R 3 -R fi are each independently H. CH 3t or CH ? CH 3 ; R« is H or OH; and R, is H. 
CH 3 . orCH 7 CH 3 ; R 6 is H or desosamine; R 9 is H, CH 3 . or CH 7 CH 3 ; R. is OH, mycarose <R« is H) or 
cladinose (R u isCHJ. H lf isH; or R* = R„ = O; and R c is H CH 3 . or CH,CH 3 . with the proviso that 
when R 3 -R, are CH 3 . R F is CH 3 . R fl is CH 3 , and R* is CH 3 . then R t is not H or ft alkyl; or any o< the 
atx>ve def.ned compounds modified by replacing one or more -CHOH or -CHOR groups by a keto 
group 



10 



3. Acompound of the formula 1 as claimed in claim 1 wherein R,isaC 3 <: 8 cycloalkylor 

cycloaikenyl group which may be optionally substituted by one or more hydroxy! groups or one 
or more C,-C« alkyl groups. 

4 A compound of claim 3 wherein R, is cyclopropyl. 
15 5. A compound of claim 3 wherein R t is cyclobutyl. 

6. A compound of claim 3 wherein R, is cyclopentyl. 

7 A compound of claim 3 wherein R < is cyclohexyl. 

8. A compound of claim 1 wherein R, is an alpha-branched C^akyL alkenyl. alkynyl. alkoxyalkyl 
or alkylthioalkyt group. 
20 9. A compound of daim 8 wherein R , is isopropyi. 

10. A compound of claim 8 wherein R, is sec-butyl. 

11. A compound of daim 8 wherein R, is 2-buten-2-y1. 2-penten-2y1, or 4-methyl-2.penten-2.yl 

12. A compound of claim'8 wherein R, is 1-methylthioethyl. 

1 3 A compound of claim \ wherein R, is a 5 or 6 membered oxygen or sulphur containing 
25 heterocyclic ring which may be optionally substituted by one or more hydroxy! groups or C.-C. 

alkyl groups or halogen atoms 
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14. A compound of claim 13 wherein R, is 3-thienyl. 

15. A compound of claim 13 wherein R, is3-furanyl. 

16. A compound of claim 1 wherein R, is phenyl. 

1 7. A compound of daim 1 wherein R , is a group of formula (a) wherein a and b are 0. c and d are 1 
5 andXis-CH ? -. 

,8A ^^«*-".w to * B ,,sa SroU po f( o^ ( a ) ^ aanaba , e0eis1(lbi2 
and X is -CH ? - 

,9A "^«^.wheren B , is , gwo , (on „ ute(a) ^ OTaaM()aro0caiia(|are] 
and X Is 0. 

«• 20. A compound of claim 2 wherein R, is SR M and R u is methyl or ethyl. 

2 1 A compound of claim 2 wherein R, is ethyl, propyl, butyl, isopropy, or sec-butyl 

22. A compound of claim 2 wherein R, is l-(trifluoromethyl)ethyl 

23. A process for preparing a compound of formula 1 as claimed in claim 1 orformu,a 2 as claimed in 
claim 2 wh.ch comprises fermenting an organ.sm capable of producing erythromycin in the 

«5 ^""°<acarbox^^ , ^ 

2. or a salt, ester or amide thereof or oxidative precursor thereof, to a. and isolating the 
compound of formulae lor 2. 

24. A processof claim 23 wherein the orgah.sm is Saccharopo,yspora erythraea and which may 
optionally contain an effective* integrated plasma capable of directing the biosynthesis of 

gene. 

25. A process of Calm 24 wherein the organism Saccharopolyspora erythraea is selected from 
strains NRRL 2338. 18643 or 21484 which may optionally contain an effect^ely integrated 
P.asmid capable of directing^ biosynihesis of compounds of formula 1 Said p,asm,d may 

* optionally contain the &l promoter and its cognate activator gene actl^ 

26 A process of claim 25 wherein the o P t,ona..y effectively mtegrated plasmid ,s pAVLD. p.d . 
PNO30. PCJR26. PGJR49. pC-ATl2. pc-ATXor other similar constructs 
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27. A process of claim 25 wherein the organism is S. erythraea ERMD1 . S. erythraea NRRL 
2338/plGl. S. erythraea NRRL 2338/pND30. or other similar transformants 

28. A pharmaceutical composition comprising a therapeutically effective amount of a compound 
according to claim 1 or claim 2 in combination with a pharmaceutical^ acceptable carrier 

5 29. A method of treating a bactenal infection, or a disorder related to a bacterial infection, or a 
protozoal infection in a mammal, fish, or bird which comprises administering to said mammal, 
fish, or bird a therapeutically effective amount of a compound of claim 1 or claim 2. 
30. Use of compound of claim 1 or claim 2 in the manufacture of a medicament for treating a 
bacterial infection in a mammal, fish or bird. 
10 31 Use of a compound of Claim i or Claim 2 for improving performance effects (such as weight 
gains, feed efficiency utilisation, milk yield, etc.) in a mammal, fish, or bird. 
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Fiaure 3a. 
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Figure 3b. 
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Figure 4b. 
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Figure 4c Construction of pND30 
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Figure 5. . 
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Figure 9 
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STEFANO D0NAD10 ET AL.: "An erythromycin 
analog produced by reprograimri ng of 
polyketide synthesis" 
PROCEEDINGS OF THE NATIONAL ACADEMY OF 
SCIENCES OF USA. 

vol. 90, no. 15, 1 August 1993, WASHINGTON 
US, 

pages 7119-7123, XP002044728 
cited in the application 
see abstract 

see page 7119, right-hand column, 
paragraph 2 

see page 7120, right-hand column, 
paragraph 2; figure 2 
see page 7122, right-hand column, 
paragraph 2 - page 7123, left-hand column, 
last paragraph 



1-31 



of box C. 



0 



tfcmityi 



' Special categonee of cited dooumenta : 

•A* document defining the general atate of t>e ertwhtehrenot 

oo na idefed to be of particular relevance 
*E* carter document but pubtiahad on or after the international 

tiling date 

V document which may throw doubce on priority daim(a) or 
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*P* document pubeehed prior to the htemaaonal fieng date but 
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WO 93 13663 A (ABBOTT LABORATORIES) 22 
July 1993 

cited in the application 
see page 2, line 17 - page 3. line 2 
see page 4, line 24 - page 5, line 2 
see page 6, line 1 - page 7, line 18 

MURRAY J.B. BROWN ET AL. : "A mutant 
generated by expression of an engineered 
0EBS1 protein from the 
Erythromycin -producing polyketide synthase 
(PKS) in Streptomyces coelicolor produces 
the trilcetide as a lactone, but the major 
product is the nor-analogue derived from 
acetate as a starter acid." 

2!KL 0F THE CHEMICAL SOCIETY.. CHEMICAL 
COMMUNICATIONS., 
no. 15, 7 August 1995, LETCHWORTH GB, 
pages 1517-1518, XP002044729 
see the whole document 
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Box I observation* where certain claims were found unsearchable (Continuation of Ktm 1 of first shsat) 



This International Search Report has not been established in respect of certain claims under Article 1 7(2) (a) for the following reasons: 
1 . [7] Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

see FURTHER INFORMATION sheet PCT/ISA/210 



2. n Claims Nos.: 

because they relate to parts of the International Application that do not comply with the presenbed requirements to such 
an extent that no moaning*^ International Search can be carried out, specifically: 



□ 



Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6 4(a). 



Box II Observations where unity of invention is lacking (Continuation of Item 2 of first sheet) 



This International Searching Authority found multiple inventions in mis international application, as follows: 



1 I I As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' 1 searchable claims. 



2. | ( As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 
of any additional fee. 



I I As only some of the required additional search fees, were timely paid by the applicant, this International Search Report 
1 1 covers only Ihose claims tor which teas were paid, speoficaly claims Nos.: 



4 CZ1 No '•ouirsd additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest The additional tearch fees were accompanied by the applicant s protest 

[ | No protest accompanied the payment of additional search lees. 



Form PCT/ISA/210 (continuation of first sheet (1 )) (July 1 992) 



lm.mationalApp8c.tion No. PCT/GB 97/01810 

FURTHER INFORMATION CONTINUED FROM PCT/1SA/ 21G *" " — ~— — - 



Remark : Although claims 29 and 31 are directed to a method of treatment 
of the human/animal body, the search has been carried out and based on 
the alleged effects of the compound. 
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